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CHAPTER I. INTRODUCTION 
A. General Conditions 
A simplified model of the Jovian magnetosphere consists of a thermal 
plasma with superimposed radiation belts. Recently Melrose (1966) and 
Ioannidis and Brice (1971) have described the possible sources and 
distribution of the thermal plasma trapped in the magnetosphere of 
Jupiter. The model to be described here deals exclusively with the 
cloud of relativistic electrons which forms the radiation belts at a 
distance of a few Jovian radii from the planet and is responsible for 
the intense continuum of decimetric emission. The purpose of this model 
is to describe the structure of the radiation belts on the basis of the 
observations of their continuum emission at decimetric wavelengths. 
\ . 
Most of this data was obtained in the past decade and consists of the 
following: (i) observations of the integrated flux in the decimetric 
continuum (See Figure 16a); (ii) observations of the degree of polarization 
of the radiation (See=·Figures 17 and 18); (iii) observations of the 
dependence on the rotation of Jupiter (or dependence on the System III 
longitude) of the integrated flux, degree of polarization, and orientation 
of the plane of polarization (See Figure 33a); (iv) high-resolution 
interferometric studies of the radiation belts (Berge, 1966; Branson, 
1968); (v) lunar occultation studies of the radiation belts (Gulkis, 1970). 
In addition, the non-thermal emission is separated from the thermal 
emission of the planetary disk with the aid of the observations by Berge 
(1966) and Branson (1968) and models of Jupiter's atmosphere by Goodman 
(1969). 
The model is derived using the following assumptions: (i) The 
radiation belts are located in a cavity of the Jovian magnetosphere and 
2 
the field geometry in that cavity is a pure dipole. Its magnetic moment 
points in the direction of the Northern He~isphere and is inclined 10° 
from the rotational axis of the planet; (ii) The conductivity in the 
Jovian ionosphere is large enough to force the magnetosphere to corotate; 
(iii) The population of electrons in the radiation belts is in a steady 
state, and the observational data are representative of such average 
conditions; (iv) The non-thermal continuum is produced by the synchrotron 
radiation of trapped relativistic electrons. 
The dipolar approximation for the trapping zone is probably more 
valid for Jupiter than it is for the Earth because the energy density of 
the solar wind falls off as the inverse square, of the distance from the 
Sun. The ratio of the size of the Jovian cavity to the terrestrial 
cavity is 5.3 in units of the respective planetary radii (Melrose, 1966). 
Thus, if the distance to the boundary of the magnetosphere of the Earth 
on the day side is 10 Earth radii, the corresponding distance on Jupiter 
is 53 Jovian radii. The solar wind, as a consequence, is unlikely to 
affect the magnetosphere of Jupiter in the way that it affects that of 
the Earth. In particular, the trapping zone, hereafter described at 
less than six Jovian radii, is probably relatively free from any deformities 
and asymmetries.on the day and night sides of the planet. There is no 
evidence for a significant contribution from a quadrupole moment. The 
tilt of the dipolar axis to the axis of rotation is obtained from the 
amplitude in the oscillations of the plane of polarization with rotation 
of the planet and is probably one of the most accurately measured 
quantities. The sign of the magnetic moment follows from the observed 
right-handed polarization of the decametric emission (Warwick, 1967). 
3 
B. Particle !rapping and Energies 
Hones and Bergeson (1965) show that the plasma around a rotating, 
conducting, magnetized sphere with its magnetic dipole axis and rotational 
axis oriented at an angle to each other will corotate with the sphere if 
the plasma particles are constrained to move along the fie1d lines. 
The trapping potential of the Jovian magnetosphere can be demonstrated 
as follows. •The equadons'below represent the inner and outer 
boundaries enclosing the allowed (trapping) shell for particles with a 
Stormer constant y (Stormer, 1955)(a parameter having the dimension of 
length which is determined by the initial conditions of particle injection 
into the dipole field). 
rl 2 cos A. 
-= 1/2 b 2 3 
-(y/b) + [(y/b) + cos A.] 
r2 2 
and cos A. -= 1/2 b 2 3 
-(y/b) + [(y/b) - cos A.] 
[ lelM)l/
2 
where b = ~~ and also has the dimensions of length, pc . 
A. is the magnetic latitude, M is the magnetic moment, e and p are the 
charge and momentum of the electron, respectively, and c is the speed 
of light. Setting y = b and solving for the outermost extent r 2 
(at A. = o0 ) of a shell containing relativistic electrons of energy pc, 
one finds the following relations [assuming Warwick's (1967) magnetic 
30 3 
moment M = 4.24 x 10 Gauss-cm]. 
4 
r 1 (MIN) r 2 (MAX) ELECTRON ENERGY 
(JOVIAN RADII) (Mev) 
1.24 3.00 2.8 x 106 
2.07 5.00 1.0 x 106 
3.31 8.00 3.9 x 105 
4.97 12.00 1. 7 x 105 
6.21 15.00 1.1 x 105 
These results predict that the Jovian magnetosphere could hold 
electrons with energies in therange of millions of electron volts. It 
is very unlikely that any mechanism could be so efficient as to produce 
such energetic particles. 2 Electrons in the range 1-10 Mev are more 
plausible and sufficient to explain the radiation as described in Chapter 
III • .Again,assuming Warwick's (1967) magnetic moment, b e.quals 5000//E 
(in Jovian radii) for a relativistic electron with energy E (Mev). Thus, 
2 in the energy range 1-10 Mev, b is very large and from the equations 
abc:ivE! :we may use the approximation (Van Allen, 1967) 
which is true in the .limit b+eo~ This. is' __ the equation for a line 
2 
of force and says that for trapped particles in the energy range 1-10 Mev 
the two bounding surfaces r 1 and r 2 closely approach the same magnetic 
shell. In other words, the field is so strong that the injection of a 
particle within the plausible range of energy values will essentially 
"freeze" it to the fi~ild line at the site of injection, allowing only the 
motion parallel to the field line and a drift in longitude, The cyclotron 
oscillation around a field line will have an amplitude much smaller than 
the planetary radius. 
I 
f. 
5 
In the balance of energy for the steady state the great unknown is 
the source of this energy. The net radiation from the belts amounts to 
ab9ut 6 x.ro16 erg sec-l (Gary, 1963). There are an estimated 1029 
electrons in the "visible" radiation belts of Jupiter (Wilkinson, 1970) 
and the time required for an electron to lose half of its energy by 
synchrotron radiation is of the order of 100 days (Wilkinson, 1970). 
A significant source of the energy for the radiation belts comes 
from interchange instability. This mechanism results from the finite 
conductivity of the ionosphere and causes an outward diffusion of 
plasma to occur beyond about eight Jovian radii. This outward convection 
is accompanied by an inward diffusion of particles from the solar wind 
into the magnetosphere. The particle energy would then increase almost 
-3 . 
as L (where L is the distance from the planet in Jovian radii) so that 
solar wind electrons with energ~es of 100-500 eV at L = 50 would have 
an energy of about 1-5 MeV at L = 5 (Ioannid~s and Brice, 1971). Further 
inward, diffusion beyond the region of interchange would be expected to 
be slow, but this mechanism can provide a significant source of high 
energy electrons relatively close to the planet as required to explain 
the decimetric radiation (Drake and Hvatum, 1959; Warwick, 1967). (*) Neutron 
albedo, so effective on Earth (Hess, 1965), might populate only the very 
inner regions of the magnetosphere since most neutrons will probably 
decay before they reach the radiation zones, because their lifetime is 
relatively short (1000 seconds) and the distance scale on Jupiter is 
increased by a factor of 10 relative to the Earth. 
Other possible sources of energy could result from intermittent 
major deformations of the magnetosphere. These could be produced by 
* Further investigation should be carried out to evaluate the efficiency 
of this mechanism to supply the density of relativistic electrons in 
the.radiation belts described in Chapter !II· 
6 
oscillations in the shock boundary of the heliosphere since the latter 
may coincide with the magnetosphere, particularly during solar minimum 
(Lanzerotti and Schulz, 1969). An indication of another major deforma-
tion is the correlation between the position of the moon Io and the 
decametric bursts. Another possible factor is satellite V which,orbiting 
at 2.5 Jovian radii,could produce enough field disturbance to effect 
energy changes in the radiation belts. 
CHAPTER II. THE STOKES PARAMETERS FOR SYNCHROTRON RADIATION 
IN A DIPOLAR FIELD 
A. Stokes Parameters of Synchrotron Radiation by a Single Electron 
in the General Case 
->-
Let us consider a relativistic electron moving with velocity S(t) 
at time tin a magnetic field Bk (See Figure 1). a is the pitch angle 
-+ 
or angle between the field direction k and the velocity vector S(O) of 
the electron at the time of injection t = O. The observer lies in the 
7 
direction ft •. ~is the angle between fi and the velocity vector at time t. 
w is the angle between the field direction and ft. Two cases are shown: 
f - ~ d - ~ or w < 2 an w > 2 . 
Synchrotron radiation takes place within a very narrow cone centered 
about the instantaneous direction of motion. This is typical of the 
radiation patterns of relativistic particles regardless of the vectorial 
. 
-+ -+ 
relationship between S and S. The root-mean-square angle of emission 
of the radiation in the relativistic limit is <t,2>112 = l/y = r. 0/t., 
where r. 0 is the rest energy of the electron (Jackson, 1966). Fort.= O, 
the major axis of the polarization ellipse is perpendicular to the pro-
jection of k onto a plane normal to ft, i.e., parallel to i 2 = -k x n. 
As t. increases, the form of the ellipse varies from circular to elliptic 
with the major axis parallel to the projection of k onto the plane normal 
A A A 
to ft, i.e., parallel to i 1 = (k x n) x n. Furthermore, as shown in 
Figure 1, the sense of description of the ellipse is right-handed (RH) 
or left-handed (LR) depending upon whether w is in the first or second 
quadrant. 
. 2 1/2 For highly relativistic particles, <f, > much less than 1, we may 
approximate the pattern of emission by assuming that radiation is detected 
8 
by the observer only when the electron moves within an angular distance 
of the order of <~ 2>1 / 2 from the direction to the observer. Using this 
degree of approximation, Westfold (1959) has shown that the major axis 
of the polarization ellipse remains perpendicular to the projection of 
k onto a plane normal to ft. Thus, we may apply the geometry adopted by 
Thorne (1963) to describe the Stokes parameters of such elliptically 
polarized light with respect to the fixed reference axis 
(Chandrasekhar, 1950) (See Figure 1). 
I = Il + I2 
Q = (I1 - I 2) cos 2A cos 2x 
u = (I1 - r 2) cos 2A sin 2x 
and V = (I1 + I 2) sin 2A 
e y 
(1) 
(2) 
(3) 
(4) 
where r1 is the mean intensity of the emission with the electric 
vector in the direction -k x n; r 2 is the mean intensity with the electric 
vector in the direction (k x n) x n; x is the angle made by the major 
axis of the polarization ellipse with the reference axis e ; !tan \J .is y 
~ ~ the ratio of the principal axes (- 4 ~A: -z;>, and the sense of description 
of the ellipse is right-handed (RH) for A > 0 and left-handed (LH) for 
A < 0. 
B. Stokes Parameters of Synchrotron Radiation by an Assembly of 
Electrons in the General Case 
The Stokes parameters of an-assembly of electrons are the sum of 
the parameters of the individual electrons. In a field geometry where 
x is a function of position, we may assign the same x for a group of 
{RH)~ 
/\ 
~---~-+-~~---i.~~~~~~---1>ey 
' I 
I 
w >7fl2 I 
~ 
I 
I 
I 
I" 
n.(LH) 
Figure 1. ~ight-¥and~d helix formed by an electron injected wi~h velocity 
$(0) (8 = v/c) at an angle a to the magnetic field Bk. n is a 
unit vector in the direction of the ~bserver and makes an angle 
~ with the velocity of the electron S(t) at time t. w is the 
angle between the field direction and n. i 1 and i 2 are the two perpendicular components of the polarization ellipse (see the 
text). In the first and second orders of approximation for the 
radiation pattern described by Legg and Westfold (1968), the 
m~jor axis of the polarization ellipse remains parallel to i 2 = 
-k.:x ft, i.e.,~= 90°. xis the angle made by the major axis 
of the polarization ellipse with the reference axis e y 
9 
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electrons in a small enough volume dv. Thus by summing over the electrons 
with a given distribution in pitch angle and energy, we may obtain the 
Stokes parameters for the radiation from an elementary volume with 
respect to the reference direction e . y 
In the first approximation the solution for an assembly of electrons 
is such that V = 0 (Westfold, 1959). Subsequently, Legg and Westfold 
(1968) carry the solution to a second-order approximation in which they 
expand the angular distances of radiation detected to orders much less 
2 1/2 than<~> • Their results are such that the major axis of the polari-
zation ellipse remain parallel to i 2 , i.e.,~= 90°, so Equations (1) to 
(4) are still valid. However, now they obtain a non-zero solution for V 
which allows computation of the degree of circular polarization. Further-
more, their equations carry a correction which allows for the motion of 
the electron during the time interval of emission. 
Using their results we find the Stokes parameters for a distribution 
of electrons radiating at a frequency f from an elemental volume dv at 
position ;: 
I(f)dv = + nf (r)dv , (5) 
Q(f)dv = n(p)(;) cos 2Af cos 2x dv , f (6) 
U(f)dv = n(p)(°t) cos 2Af sin 2x dv , f (7) 
and V(f)dv = n(p)(t) sin 2Af , f (8) 
where n~p) is the polarized part of the total emission nf per unit 
volume and Af' x are defined as before. The properties of the radiation 
11 
field in terms of the Stokes parameters are as follows (Born and Wolf, 
1965): 
(i) The degree of polarization 
; 2 2 2 P(f) =Q (f) + U (f) + V (f) 
I (f) 
(ii) The degree of circular polarization 
p (f) = v (f) 
c I(f) 
(iii) The ellipticity (RH or LH) 
V(f) 
sin 21..(f) = ------'--'------ , and 
/ q2 (f) + u2 (f) + v2 (f) 
(iv) The angle x which the major axis of the net polarization 
ellipse makes with the reference axis e , 
y 
U(f) 
tan 2x = Q(f) 
Equations (9) to (12) apply to the emission from the elemental 
(9) 
(10) 
(11) 
(12) 
volume dv but may be extended to the entire region of radiation if the 
Stokes parameters given in Equations (5) to (8) are integrated over that 
region. 
The following results differ from Legg and Westfold's (1968) in 
that we compute the power received by the elemental source dv rather than 
the power emitted into the solid angle dQ(ft). Our expressions thus 
differ from Legg and Westfold's by the factor sin-2 w (Epstein and 
Feldman, 1967; Scheuer, 1968). 
We have 
(p) · 2' /3 2 ( I ) r (w-) f ( · -l ) (f/f ) nf cos Af = -z µe c n e e0 B sin w FP c , 
~{j1'\(!J + [2 + ~;~~) tan~ ru-1/2 
rFpr:J -~ Frul} 
12 
(13) 
(14) 
(15) 
where n(e/e0) is the number density of electrons with energy e/e0 
in the range e/e0 to e/e0 + d(e/e0), where e0 is the rest mass energy of 
the electron. 
f(a) is the number density of electrons with pitch angle a in the 
range a to a + da (we assume axial synnnetry about the direction of the 
magnetic field). 
w is the angle between the field direction and the direction to the 
observer ft (See Figure 1). 
fB is the local gyrofrequency 
(16) 
where B is the local magnetic field strength and e and m are the 
electron charge and mass, respectively. 
f is the critical frequency, a characteristic of synchrotron c 
radiation defined by the local gyrofrequency and the energy of the 
.electrons, 
3 2 f = - f sin w (s/s0) c 2 B 
' 13 
(17) 
where f is the frequency of emission and µ is the permeability of 
free space. 
The functions F, F , F are the emissivity-polarization functions p s 
and are shown in Figure 2 as functions of x = f/f • They are also 
c 
tabulated in Table 1. These functions can be expressed in terms of 
modified Bessel functions as follows (Legg and Westfold, 1968): 
00 
F(x) = x f 
x 
K513 (n)dn 
Fp(x) = xK213 (x) 
and F (x) 
s 
(18) 
(19) 
(20) 
The function F, which is a measure of the intensity of emission, 
shows a peak near x = 0.3, then falls rapidly with increasing argument 
and more slowly in the other direction. This behavior is characteristic 
of the·synchrotron spectrum from a single electron for which the intensity 
f -2f/fc 
falls proportionally to ~ e for f >> f and rises proportionally 
/f ) 2/3 c c 
to \~ for f << fc (Jackson, 1966). 
C. Geometry for Determing the Stokes Parameters of Synchrotron 
Radiation·by,an Assembly of Electrons Trapped in a Dipolar 
Magnetic Field 
In this development we shall use the guiding-center approximation 
in which the motion of a charged particle in a dipolar magnetic field is 
1.0 I I I I I I I I I I I I I I I I I I I 
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Figure 2. 
.Ou1 .01 .I 1.0 
x 
Emission-polarization functions F(x), F (x), F (x). The argument x = f/f where f 
is the critical frequency, a characteri~tic ofssynchrotron radiation defiiied by thg 
local gyrofrequency and the energy of the electrons [See Equation (17)). 
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TABLE l 
EMISSION-POLARIZATION FUNCTIONS F(x), F (x), F (x) p s 
[See Equations (18) to (20) and discussion in the text.] 
x = f If F (x) F (x) F (x) 
c p s 
-~. O O_O_l__ O. O g 95-<fo-9 -- 0. 04-Ci 8-8 5 g-----O .- 00 3 6 2 84- -- -
0.0002 0.1?53424 0.0628517 0.0057527 
0.0003 0.1433524 0.0719465 0.0075306 
0. 0004 _9_J_5 76 ~~J _____ Q.-!__()_7 91_86__§_ ___ Q_._Q09 lJ_tl_ ___ _ 
0.0005 0.1697013 0.085,001 0.0105674 
-~Q006 ____ o. 18 021g9 ____ Q __ .___Q_~Q_64J__]____ ___ Q_._Qlt~ZJ8 __ _ 
0.0007 0.1895878 0.0954218 0.0132046 
0.0008 0.1980935 0.0091636 0.0144238 
0.0009 0.2059023 0.!037568 0.0155915 
o • o o 1 o o. 21 3 t~_2__Q_ __ :Q_!_l o 1 ':t 6 3 !!_ _____ ~Qt§ 11 so __ _ 
0.0020 0.2671962 0.13537?0 0.0263832 
__ __Q_!_ o o 3 o ___ o. ]_O 4 2-7 ~ l_ __ _____ Q__!_l?.!!-9_~9 9 ________ 9_!_ QJ_~4_0 6 § __ 
0.0040 0.3339621 0.17048'26 0.0415021 
0.0050 0.3584969 0.1836005 0.0479686 
0.0060 0.3797150 0.1950521 0.0539672 
o. 001 o o. 3 9 84 9 7J ________ Q_~2 o =_?_]JU ________ Q_! __ o59 5 91--7 
0.0080 0.4154004 0.2145531 0.0649272 
0 • O 0 9 0 _______ jJ~ 4 ~_Qf__Q_z_~---- .. Q_! __ ~ 2 -~-0 _ RQ_g __________ Q_!__Q_l 0 0 _p ~- 4 
0.0100 0.4449725 0.2?09809 0.0748622 
0.0200 o.5472394 o.2899581 o.ll56ll2 
0.0300 0.6136067 0.3?05130 0.1479630 
o. 040 o o._9_6 2195-~ ________ Q_.__~(:, 2 0---'13 2l _________ Q ._JJ 2_4~~ e 
o.osoo o.7015719 o.3880966 o.1995509 
__ o_._0600 o. 73 3?-47-!!__ _______ o_!_~LQZ~.Q_§ _________ o_!_22JJ_o4_3 
0.0100 0.7597221 0.4295097 0.2406184 
0.0800 0.7921986 0.4465081 0.2584440 
0.0900 0.8014925 0.4616682 0.2748348 
__ o~."---01 900 o. 818l_]_?_L _______ Q_._~152 s6z_ _______ 0_!2_e_ 996.ZJL __ 
0.2000 0.9033859 0.5603580 0.3958682 
o. 3 ooo o. 9177054 _______ _o_. ~_2;?_2_13_5_I _________ Q_. 45-21_'.i~JL __ 
0.4000 0.9019:72 0.6068523 0.4823055 
0.5000 0.8708190 0.6029652 Q.4945155 
0.6000 o.8314753 o.5896982 o.4950563 
o. 7 ooo o. 1~_7_8 7~_L _____ 9____!5_I_QJ_~~§__ ______ __Q__!_4-e-12JJ_Q__ __ 
0.8000 0.7424131 0.5470969 0.4745441 
o. 9000 o. 69_66 02JL _____ _o_. 5_~J_'t_!t92 ________ o_.._~_5113 72 __ _ 
1.0000 0.6514226 0.4~44750 0.4384307 
2.0000 0.3016151 0.2496773 0.2330897 
3.0000 0.12856~7 0.1111717 0.1059188 
4 .oooo o. 05 ?--''LZ5_~ _______ Q~Q..,_Q_9 216__ Q~ 04_~L99L __ 
5.0000 0.0212482 O.Ol9222g 0.0186461 
6. 000 0 _____ ___Q_!'Q_QJi4 23_~ _______ Q__._Q__Q_J_7 2 8l__ _______ O._Q_Q]__2_ 276 __ _ 
1.0000 0.0032933 0.0030631 0.0029961 
s.oooo 0.001?845 o.001202g 0.0011796 
9.oooo 0.0004978 o.ooo46aq 0.0004606 
___ LO ._Q_Q_QQ _____ .. __ Q!! Q_Q_Ql_9 !9 ___ 0.()0 O l_ ~ !_';_ __ O. OQOl 7 e 8 __ 
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broken.down into three components: (i) the cyclotron motion -- a periodi-
city in the particle's motion perpendicular to the magnetic field; 
(ii) the bounce motion -- a periodic motion along a magnetic field line 
between mirror points; and (iii) the drift motion -- a periodic motion 
in longitude around the axis of the dipole. 
The cyclotron motion has the highest frequency. Bounce frequencies 
are usually many orders of magnitude lower than cyclotron frequencies; 
drift frequencies, in turn, are several orders of magnitude lower than 
bounce frequencies. Typical values for the respective periods of a 
-4 -1 6 
relativistic electron are 10 sec, 2 x 10 sec and 10 sec (Hess, 1968). 
It is worth noting that an electron trapped in the dipolar field 
surrounding Jupiter will drift only a few degrees in longitude during a 
full rotation of the planet. Furthermore, it will drift about 40° in 
longitude during the characteristic time of energy decay by synchrotron 
emission (Wilkinson, 1970). For an electron, the sense of gyration of 
cyclotron motion is right-handed with respect to the direction of the 
magnetic field (See Figure 1). Thus if we neglect the azimuthal drift, 
the trajectory becomes a right-handed circular helix bound between mirror 
points located on opposite sides of the equatorial plane. 
When considering an assembly of electrons, we will use Chang's 
approach (Chang, 1962) of applying Liouville's theorem to the electron 
+ + 
motion. Let n(E/£0 , a, r) be the number of electrons at position r 
with energy £/£0 in the range £/£ 0 to £/£0 + d~E/£0), where EO is the 
rest mass energy of the electron:, and pitch angle a in range a to a + da. 
+ Thus dN = n(E/£0 ,a,r) dV is the number of electrons that lie in the 
elemental volume of phase space dV = dx dy dz dp dp dp where (x,y,z) 
x y z 
and (px'~y'pz) are the position and momentum coordinates of the particles 
17 
comprising dN. Transforming into spherical coordinates we get 
+ 2 + dV = dv(r) 2TI sin a dap dp where dv(r) is the elemental volume in 
position space. If we move this small assembly of electrons dN along a 
+ ~ field line from position r to the corresponding equatorial position r 
e 
in a time short enough that energy losses may be neglected, it will 
+ 2 
occupy a new volume dV' = dv(r )2TI sin a da p dp. According to Liouville's 
e e e 
theorem, the density of such an assembly is a constant with respect to 
time. It follows that for a given dN the volume occupied in position-
momentum space is an invariant and we may set 
+ 2 dv(r)2TI sin a dap dp + 2 = dv(r )2TI sin a da p dp 
e e e 
But the number of electrons in our sample is 
+ + 
= n(E/E 0 ,a ,r )da d(E/E 0)dv(r ) e e e 
Combination of these equations yields 
(ssiinn aa } + = n(E/E0 ,a ,r ) e e 
e 
(21) 
(22) 
(23) 
We may relate the pitch angle a to the equatorial pitch angle a 
e 
in terms of the field strength at the corresponding points of a field 
line. In order to achieve this, we neglect the curvature of the field 
lines, i.e., the azimuthal component of motion, and use the fact that a 
static magnetic field does no work on a particle. This means that the 
magnetic flux contained in the orbit of a particle rotating about a field 
line is a constant; for if aB/at ~ 0, the electric field produced would 
accelerate the particles and their energy would change (Betatron mechanism). 
1: 
! ' 
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Therefore, for a near-parallel and static magnetic field, it may be shown 
that the magnetic momentµ of the particle's gyration around the field 
line is an invariant of motion (if we neglect radiation losses), Thus 
we may set 
1 2 2 2 1 2 2 µ = 2B(myc S sin a) = 2B (myc S 
e 
0 2 ) sin a 
e 
where m·is the rest mass of the electron, y is the relativistic 
(24) 
mass increase (1 - s2)-l/ 2 , and v =Sc is the speed. B and B are the 
e 
-+ 
magnetic field strengths at position r -+ and r , respectively. 
e 
From Equation {24) we derive the relation, 
sin a 
sin a 
e 
= (: ll/2 
e 
Combination of Equations (23) and (25) yields 
In order to solve Equations (13) to (15) for a dipolar field 
(25) 
(26) 
geometry, we will use the geometrical expressions derived by Thorne (1963) 
(See Figure 3). Here, however, the direction of B will be opposite from 
that of his stellar model since Jupiter is known to possess a positive 
magnetic moment (Warwick, 1963). Also, we locate the observer at ft, in 
the x-z plane, making an angle 60 with the magnetic axis e . z In 
-+ -+ -+ 
spherical coordinates, the magnetic field at r = (r,6,¢) is B(r), and 
-+ . 
r = (r ,~/2,¢) is the point at which the field line crosses the 
e e 
equatorial plane. -+ -+ X is the local angle between B(r) x ft and e (the y 
-+ -+ polarization axis) and w is the angle between B(r) and ft. 
Figure 3. Dipolar field geometry with a positive magnetic moment for our 
Jovian model. ~ is a unit vector in the direction to the 
observer located in the x-z+plane and eo is the magnetic co-
latitude of the observer. B x ft is in fhe direction of the 
linearly polarized electric vector (See discussion in Section 
1). wand x are defined as in Figure 1. The fixed reference 
axis ~ is taken in the plane of the magnetic equator. ~ is 
the ma~netic l~ngitude of the plane containing the field line ltl = Tt I sin e (Thorne, 1963). e 
19 
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The dipole field is given by 
B 
-+ e B = + (2 cos ee + sin ee8) ' 6 r sin e (27) 
B (1 + 3 2 8) 1/2 cos 
and IBI e = 6 
sin e 
(28) 
where B is the equatorial magnetic field. It can be expressed in e 
terms of the equatorial field of the planetary surface B by the relation 
s 3 
Be= Bs(~/re) where~ is the equatorial radius of the planet, and re 
is the equatorial distance from the center of the dipole. 
The equation of the field lines is r = r 
e 
2 
sin e. 
The equations for cos w, sin w, cos 2x and sin 2x are as derived by 
Thorne (1963) and are listed below: 
cos w = __£. 0 < w < 7T 
/h ' (29) 
where p = a cos 80 + b sin e0 ' 
3 ·2 e - 1 a = cos 
' 
b = 3 cos e sin e cos q, 
' 
h 3 2 e + 1 = cos 
' 
sin w = A (30) 
where h - 2 cr = p 
i 
i 
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b cos e - a sin eo 0 
cos·x = 1/2 
a 
(31) 
sin b tan p x = - 1/2 
a 
(32) 
(a sin e - b cos e ) 2 
cos 2x 2 0 0 - 1 = 
a ' 
(33) 
(a sin eo - b cos 80) b tan <P 
and sin 2x = 2 
a 
(34) 
In integrating the synchrotron emission over the entire dipole field, 
we.shall use Chang's (1962) and Thorne's (1963) approach and take our 
differential volume along a tube of flux so that dv = dsdA where ds is 
a differential length along the field line and dA is the differential 
+ 
area crossed by a magnetic flux B(r )r d<jidr • As derived by these pre-
e e e 
vious authors, we have the elemental volume, 
dv = r 2 sin7 e d8d¢dr 
e e 
(35) 
D. -Geometry of the Dipole Field as a Function of Planetary Rotation 
The magnetic axis of Jupiter is inclined 10° to the rotational axis. 
Thus, as the planet rotates the magnetic colatitude of the observer varies 
sinusoidally with an amplitude of 10° (See Figure 4). In addition the 
amount of occultation of the radiating zone changes with rotation due 
to both the variation in the magnetic colatitude and the changing geo-
metrical eclipse produced by the planet. Calculation of the latter effect 
requires a knowledge of the time or longitudinal dependence of a point 
+ 
r located in the magnetosphere. It is simpler to approach the problem 
by considering a planetocentric (PC system) which precesses clockwise 
:c -so t-
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about a fixed magnetocentric (MC) system. The planetocentric colatitude 
of the observer is held constant at s0 but his magnetic colatitude 
oscillates with the planetary precession. 
The system is examined in Figure 5 at time t. The positional 
coordinates of the planet's center in.the magnetic system (MC) are 
(x ,y ,z )t. We define t = t 0 as that time coinciding with the System III p p p 
Central Meridian Longitude (CML) of A111 (t0). At time t, the planet's 
new CML is AIII(t) where 
in which n(t) is the angle of rotation of the planet's center 
measured in the magnetic equatorial plane with respect to a reference 
axis at time t 0• 
In the general solution, the orientation of the planetary axis (z') 
with respect to the magnetic axis (z) is described in terms of the three 
Eulerian angles a, ~,and nt(See Figure 5) (Goldstein, 1959). 
Consider a point (x,y,z)t located in the MC system at time t. A 
transformation of this point into the PC system first involves three 
successive rotations represented by the following transformation matrices: 
1. A clockwise rotation by nt about z 
cos nt -sin nt 0 
A = sin n cos n t t 0 (36) 
0 0 1 
I 
x 
z
1(PC) 
z(MC) 
I 
I 
I 
x 
I 
z' (PC) 
~ 
24 
y 
-+ Figure 5. Geometry to calculate the longitudinal dependence of a point r 
located in the magnetosphere (MC) system and transformed into 
the planetocentric (PC) system. The observer is kept in the 
x-z plane of the MC system and the planet is allowed to precess 
clockwise about the MC system. The planetocentric colatitude 
of the observer s0 is fixed at 87° but the zenomagnetic co-latitude varies from 77° to 97° as the planet rotates. In 
our model, x = y = z = 0 (planet-centered magnetosphere). p p p 
2. A counterclockwise rotation by If' about y 
cos If' 0 sin If' 
B = 0 1 0 , and 
sin If' 0 cos If' 
3. A clockwise rotation by a about x 
1 0 0 
c = 0 cos a 
-sin a 
0 sin a cos a 
The product matrix for the net transformation is T = CBA: 
T = cosasinnt + sinasinlf'cosnt cosacosnt 
sin If' 
sinasinlf'sinn -sinacoslf' 
t 
sinasinnt - cosasinlf'cosnt sinacosnt + cosasinlf'sinnt cosacoslf' 
-+ 
Now, let V' be a unit vector in the direction of the planetary 
pole. This vector when expressed in the MC system becomes 
-+ --+ 
V = TV' 
where T is the inverse of the matrix T. 
Then, 
25 
(37) 
(38) 
(39) 
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-cos ~\ sin '!' cos a + sin Qt sin a 
+ v = sin Qt sin '!' cos a + cos Q sin a (40) t 
cos '!' cos a 
As a result, we see that in the MC system, this vector becomes a 
function of time [through Q(t)] due to the planetary precession. We may 
represent the unit vector to the observer in the MC system as follows, 
sin e0t 
n(t) = 0 (41) 
cos e0t 
+ 
The angle e0 between V and fi(t) is constant and given by the expression 
v . ft(t) 
= ..;._-...;._"-"-''-
Iv! 
(sin Qt sin a·~ cos Qt sin'!' cos a) sin e0t +cos'!' cos a cos e 
= Ot,(42) ~vii 
which may be solved for ao(t),as.a .function of n(t) for a given 
planetary colatitude of the observer (80). These results are shown in 
Figure 4 for e0 = 87°. 
+ 
Then, if P is an arbitrary vector located in the MC system with 
+ coordinates (x,y,z), the corresponding vector P' in the PC system is 
given by the transformation, 
x' 
P' = y' 
z' 
where the transformation 
cos n 
t 
s = -sin nt 
0 
= 
Pe 
x - x p 
TS y - y· p 
z - z· p 
sin n 
t 
0 
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\ 
(43) 
0 
0 (44) 
1 
is required to keep the line of sight to the observer fit in the x-z 
plane of the MC system. 
Now we consider a position with coordinates (x,y,z) in the MC system 
and project it onto the £-w plane in Figure 6 which is perpendicular to 
the instantaneous line of sight fi(t). Simple geometry (Chang, 1962) can 
be used to show that the distance from the position (x,y,z) to the £-w 
plane is 
D = x sin e0 + z cos e0 
t t 
(45) 
When the origin is taken at the center of the PC system, i.e., if 
we measure the quantity 
D = (x - x ) sin e0 + (z - z ) cos e0 p t p t 
(46) 
then a negative D places the position (x,y,z) below the £-w plane 
whereas a positive D places it above the £-w plane, i.e., beyond and 
before a plane that cuts across the center of the planet perpendicular 
I. ,, 
,, ' 
' 
'i I 
'· 
z(MC) 
n Ct) 
(x,y, z) 
t:-"----1', 
I 'o 
I ' 
I ' I 
I 
w 
Figure 6. Projection of point (x,y,z) in the MC system onto a plane 
perpendicular (£-w plane) to the line of sight ft to the 
observer. The observer is located in the x-z plane of the 
MC system. 
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to the line of sight ft(t). If we are concerned only with positions in 
the MC system associated with trapped electrons, we are assured by defi-
nition that all these points lie in the magnetosphere outside the surface 
of the planet. This leaves us with the problem of determining whether 
a point with negative D lies inside or outside the geometrical shadow of 
the planet. For this purpose we refer to Figure 6 and obtain the pro-
jection coordinates of (x,y,z) on the Jl.-w plane, 
Q, = y (47) 
w = z sin 80 - x cos 80 
t t 
(48) 
Substitution of the transformed coordinates (x' ,y' ,z') in Equations (47) 
and (48) allows computation of the corresponding projected point (Jl.',w') 
the PC system. If the projected point lies in the geometrical shadow 
of the planet system, the coordinates will, in turn, satisfy the equation 
£'2 w'2 
-2- + -2- < 1 ' 
a b 
(49) 
p p 
where a , b are the major and minor semiaxes (equatorial and polar p p 
radii, respectively) of the planet projected onto the plane perpendicular 
to the line of sight (defined by the planetocentric colatitude of the 
Earth 80). 
We have calculated the Stokes parameters in Equations (5) to (8) 
for the particular case of a uniform dipolar field centered at the origin 
of Jupiter and inclined 10° to the rotational axis (Conway and Kronburg, 
1968). We locate the North Magnetic Pole at CML = 198° (Warwick, 1963). 
I 
I'. 
I''' 
TABLE 2 
CONVERSION OF THE SYSTEM III CENTRAL MERIDIAN LONGITUDE AIII INTO 
THE ROTATIONAL ANGLE n INTRODUCED .IN CHAPTER II, SECTION D 
AIII(degrees) n(degrees) 
0 162 
20 182 
40 202 
60 222 
80 242 
100 262 
120 282 
140 302 
160 322 
180 342 
200 2 
220 22 
240 42 
260 62 
280 82 
300 102 
320 122 
340 142 
360 162 
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By setting A(t0) = 198° and n(t0) = 0 we locate the North Magnetic Pole 
in the same plane as the observer at time t
0
• We also have x = y p p 
zp = 0 , a = 0 and ~ = 0.175 radians. Now, Equations (47) and (48) can 
be transformed into the PC system accordingly. We will use these 
expressions at ve ·ong tu es correspon ing ~G fi l i d d . to n(t) -- 0°·, 45°, 90°, 135°, 
180°. These expressions are, in order, 
00) z·' = y and 
w' = -0.224951X + 0.974371Y , (50) 
45°) Z' = +0.712499X + 0.691014Y - 0.121845Z and 
w' = -0.036722X + Q.210134Y + 0.976984Z (51) 
90°) Z' = +0 •. 984808X - 0.173648Z and 
w' = +0.173410X + 0.052336Y + 0.983459Z (52) 
135°) Z' = +0.712499X - 0.691014Y - 0.121845Z and 
w' = +0.036724X - 0.136688Y + 0.989934Z (53) 
Z' = -Y and 
w' = -0.121869X + 0.9925472 (54) 
where 
y = -x sin nt + y cos nt 
z = z (55) 
As before, (x,y,z) are the coordinates of a point located in the MC 
system. 
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It can be shown that the semiaxes of the elliptical shape of the 
planet projected onto the plane perpendicular to the line of sight 
(£'-w' plane) are as follows, 
and (56) 
1/2 
(57) 
where e0 is the planetocentric colatitude of the Earth and RE' ~ 
are respectively the equatorial and polar radii of Jupiter. 
We adopt the planetocentric declination of the Earth of +3°, i.e., 
e0 = 87°. If we set~= 1, then RP= 0.939, according to Dollfus 
(1970). , ' 
E. Limiting Equatorial Pitch Angle as Produced by the Planetary 
Surf ace 
As described previously, electrons trapped in the radiation belts 
oscillate between mirror points synnnetrically located above and below 
the magnetic equatorial plane. The latitude of these points is a function 
of the equatorial pitch angle of the electron. An absolute limit exists 
such that for equatorial pitch angles below a certain minimum [ae(MIN)] 
the electron collides with the surface of the planet. This minimum 
decreases wi~h increasing re as the electron can move into higher 
latitudes. Combining Equations (25) and (28) we have 
sin3 e sin a = ~~~~._..;.~~~- (sin a) 
e (1 + 3 cos 2 8) 1/ 4 
(58) 
0 If we set a = 90 , then a = a (MIN) when e = 6 is the polar angle at 
e e m 
the point of intersection between the field line r = r sin2 8 and the 
e 
surface of the planet. 
. j 
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a (MIN) was computed for Jupiter (with R = 0.939) as a function of 
.e P 
the equatorial distance r • These results are shown in Figure 7. It is 
e 
. 0 
worth noting that for a = 90 we obtain a relation between the equatorial 
pitch angle ae and the magnetic colatitude of the mirror point (8M) as 
plotted in Figure 8. 
F. The Stokes Parameters as a Function of the Energy-Dependent Variable 
u' = YB E/E 
s 0 
We consider the· emission from a shell in the dipolar field which 
intersects the equatorial plane at the distance r from the center of 
e 
the field. The purpose of this section is to express the Stokes parameters 
as functions of the equatorial number density of electrons with energy 
It is assumed that the number density of electrons with energy t./t.o 
in the range t./t.0 to t./t.o + d t./ f:.o and pitch angle a in range a to 
a + da + a function of the number density at position + at position r is r e 
through Equation (23). Thus, combining Equations (23) and (58) we get 
(59) 
The equatorial density n may be expressed, in the manner of Chang 
(1962) and Thorne (1963), as follows 
·2'Tff (a ) sin a A(t./t. 0) N(r ) , e e e (60) 
where f(a ) is the pitch angle density-function as described by 
e 
Legg and Westfold (1968), A(t./t. 0) is the energy density function and 
N(r ) is the number density, all determined in the equatorial plane at 
e 
distance r . 
e 
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Figure 7. 
3 4 5 6 7 8 9 
L, JOVIAN RADII 
Minimum equatorial pitch angle [a (MIN)] as a function of the equatorial distance 
L = r /R • For a < a (MIN) the electrons are lost in collision with the planet. 
e --:E e 
10 
w 
~ 
000 ~o 3~ ~ 
Bm• MAGNETIC COLATITUDE AT MIRROR POINT 
Figure 8. Equatorial pitch angle of the electrons and the corresponding 
magnetic colatitude (SM) of the mirror point. 
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In order to express the energy dependence of the Stokes parameters, 
we define the new variable u' = /Bs E/E 0 , where Bs is the equatorial, 
surface magnetic field. Making this change of variable in Equation (60) 
we get 
+ 
n' (u' a r ) = 
' e' e 
(61) 
where r, N are the distribution functions defined above; and A', 
n' become the corresponding density functions for electrons with energy 
u' /./B in the range u' /./B to u' /./B + l/./B du'. 
s s s s 
Making the change of variable described in Equation (61), we 
substitute Equation (59) into (13) to obtain the expression for the 
intensity from the elemental volume dv [See Equation (35)]: 
I ( u' r ) f '· e 8,<j> 
/3 2 eBsRE 
[ 
3 
= - µe c { ) A' ( u') 2 \ 2JITm 
2.. 3/4 
3 .:c~s. 9 )- .. x r(ilie) (sin-1 w) 
sin 8 
F(f/fc)] d8d¢ 
(62) 
Similarly, the other Stokes parameters can be derived by combining 
Equations (14) and (15) with Equations (6) to (8): 
Q I.. I ) f \j.l ,r 
8 ,<1> e 
N(r ) J 
-r-""e- d re 
e 
A' (u') 
3 cos 2 8) 314 -1 
2 x r(we)(sin w) F (f/f) cos sin 8 P c 
2J d8d¢ 
(63) 
., . 
i 
: i 
,, 
and 
uf (u'.,r ) 
e ,cf> e 
eB N(r ) 
[ 
3 
= /3 µe2c( sRE) A'(u') .. e 2 2Tim r 
3/4 
3 cos 2 6) 
• 2 
sin e 
e 
x r(w )(sin-1 w) F (f/f) 
e p c 
vf (u',r) = [12 µe 2c 
e ,cf> e 
3 3/2 
(eBsRE) A'(u') 2Tim 
N(r ) J 
-r 5-/-~- d re 
e 
sin 
. 
fl+ 3:c~s2 a) 3/q x 1/2 l/J. - r(we) cot w (sin- w) f- . sin e 
~/f0) 112 F9 (f/f0 ) + (2 + r;~~~ tan w)(f/f0 )-l/2 
x [Fp(f/f0 ) - ~ F(f/f0)~ 
where in M.K.S. units 
-19 
e = 1.60207 x 10 , 
m = 9.1084 x l0-31 
R = 7.085 x 107 m (Dollfus, 1970) is the Jovian equatorial E 
radius, 
r is the equatorial distance of the dipolar shell, e 
N(r· o) · is the equatorial number density of electrons at r , 
·e1 e 
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(65) 
A'(µ 1 ) and r·(w) are normalized density functions in the equatorial 
plane at r , 
e 
sin w, cos 2x, sin 2x are given by Equations (30), (33)and (34), 
F,F ,F are the emissivity-polarization functions defined in p s 
Equations (18) to (20) and plotted in Figure 2. 
TABLE 3 
CONVERSION OF THE VARIABLE x = f/f INTO THE ENERGY-DEPENDENT 
VARIABLE u FOR THE cAsE e = w = 90° 
U=--1 __ *.!_ 
3/2 ~ 27Tm 
x 
0.0010 
0.0015 
0.0020 
0.0030 
0.0040 
0.0050 
0.0060 
0.0070 
0.0080 
0.0090 
0. 0100 
0.0150 
0.0200 
0.0300 
0.0400 
0.0500 
0.0600 
0.0700 
0.0800 
0.0900 
0.1000 
0.1500 
0.2000 
0.3000 
0.4000 
0.5000 
0.6000 
0.7000 
0.8000 
0.9000 
1.0000 
1.5000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 
7.0000 
8.0000 
9.0000 
10.0000 
20.0000 
30.0000 
40.0000 
50.0000 
60.0000 
70.0000 
80.0000 
90.0000 
x 
e 
[See Equation (67)] 
u 
15.432 
12.600 
10.912 
8.910 
7. 716 
6.901 
6.300 
5.833 
5. 456 
5.144 
4.880 
3.985 
3.451 
2.818 
2.440 
2.182 
1. 992 
1.844 
1. 725 
1.627 
1.543 
1.260 
1.091 
0.891 
o. 772 
0.690 
0.630 
0.583 
0.546 
0.514 
0.488 
0.398 
0.345 
0.282 
0.244 
0.218 
0.199 
0.184 
0.173 
0.163 
0.154 
0.109 
0.089 
0.077 
0.069 
0.063 
0.058 
0.055 
0.051 
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We also need the expression for the critical frequency, f , which 
c 
we get by combining Equations (16), (17), (28), and (58). 
f 3 
·c = 2 
3 
( 2 :m} u '2 ( :E) [ .... ( 1_+__;;3_ • ...;..c..;..~-se 2_e-<)_3_f_4 sin 
e sin 
(66) 
where w is the equatorial angle between the field direction and e 
the line of sight fi. 
From Equation (66) we obtain the following expression for the 
argument of the emissivity-polarization functions x = f/f computed at 
c 
the volume element dv, 
. 9 8 sin 
xf (u) 
e '<P + 3 cos 2 8) 3/ 4 
where we define 
{R J 3/2 
u = fi/2 ~r: u' · 
G. Equatorial Pitch Angle Distributions 
(67) 
sin 
The distribution of electrons in pitch angle at the equator can 
be written in the form 
r(a ) = K sinq a 
e q e 
where·K is a. normalization constant such that q 
TI 
K J (sinq a )2TI sin ae da 
q a (MIN) e e 
e 
and q measures the degree of anisotropy. 
(68) 
1 (69) 
l 
L 
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A realistic model of the radiation belts of Jupiter must take into 
account the variation in pitch-angle distribution with shell distance 
Such a variation is needed on the basis of theoretical considerations 
r • 
e 
of the Jovian field and experimental observations of the Earth's radiation 
belts, both of which are elaborated later. 
The Stokes parameters in Equations (62) to (65) have been computed 
for two types of distributions of electron pitch angles. One is isotropic 
given by q = O, with a cutoff at a (MIN); the other is sharply confined 
e 
to the equatorial plane with q = 60. (*) 
From Equation (69) the normalization constants for such distributions 
are K 0 = 1/(4~ cos a (MIN)) and K 60 = 0.498. Then we may substitute q = e q= 
Equation (68) into Equations (62) to (65) and compute the Stokes para-
meters separately for these two distributions. In order to represent 
the number density of the particles in these equations, we define a 
quantity NQ, which is a measure of the ratio of the number of particles 
with q = 60 to that number for which q = O. The densities for the iso-
tropic and non-isotropic cases, respectively, can then be written as 
follows: 
and N(r ) 
e [ 
NQ J 
1 + NQ] 
(70) 
(71) 
H. The Integrated Stokes Parameters for a Shell,at Distance L =re/~ 
By combining Equations (29) to (34) and (68) ~ith Equations (62) to 
(65) we write the expression for the Stokes parameters as a: function of u 
(*) This particular value is chosen since, as shown in Chapter III, Section B, 
it provides for a sufficient range in the variability of the intensity 
with rotation of the planet to account for the observations. 
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from a cell 2° x 2° in longitude and latitude (~ - 6 coordinates in 
Figure· 3) located in a shell with equatorial distance 1. They are 
expressed in flux units received from Jupiter at a frequency f(MHz). 
The distance to Jupiter is normalized to 4.04 A.U. such that the planet 
subtends a polar semi-diameter of 22.75". 
and 
If (u,L) = KlKq i -2 6 h5/4 -1/2 . q w F(x) (72) s n cr sin 
' e,~ e 
Qf (u,L) KlKq -2 h5/4cr-l/2 sinq F (x) cos 2x (73) = sin e w 
' e,~ e p 
uf (u,L) = K1Kq 
i -2 e h5/4 -1/2 . q w F (x) sin 2x ' (74) s n cr sin 
e,~ e p 
vf (u,L) = K2Kq sin-5 e h5/4cr-3/4pf~l/2 e,~ 
t1'2F8 (x) + (2 + r~1~~ tan w) x-1/Z[FP(x) - ~ F(xD. 
(75) 
where 1 = rl/~ 
e ' 
0.72768 x -4 Kl = 10 BA' (u')N(r )dr /r s e e e 
K2 = 0.11883 x 10-
3 f~112B 312A'(u')N(r )dr /r 512 
s · e e e 
B is the surface magnetic field at the equator in Gauss, 
s 
-3 N is the number density at the equator in cm 
A' is the normalized function of u' = v'Bs s/c. 0 , 
L_ 
42 
= l/[4TI cos a (MIN)] for an isotropic distribution, 
K60 - 0.49794 for a distribution confined to the magnetic 
equator, 
h, p, cr, sin w , cos 2x, sin 2x are given by Equations (29) 
to (34), e 
F, F , F are the emissivity-polarization functions given by p s 
Equations (18) to (20), and 
x = xf (u) as defined in Equation. (67). 
8 'cp 
The IBM 360/75 computer at the University of Illinois was used to 
calculate the Stokes parameters integrated over a shell at L as a 
function of the energy-dependent argument u. The integration was per-
formed by subdividing each shell into 2° x 2° cells hereafter called 
"source points". The position of the planet in the magnetosphere 
(MC system) was accounted for through Equation (49). It may be shown 
that the Stokes parameters are symmetric in the cp-plane, i.e., 
I(cp) = I(-cp) and similarly for Q, U, and V. In the 6-plane we obtain· 
the following relations: I(8) = I(-8), Q(8) = Q(-8), U(8) = -U(e) and 
V(8) = -V(8). 0 Also, at the rotational angles n = 0 and n 180° (in 
the system defined in Section D), we have complete synunetry in the 
cp-plane and integration need be performed only in the range 0° 2 cp < 180°. 
H h ~ 45° 90° d 135° owever, w en a~ = , , an the integration must be performed 
in the full range of o0 ~ cp < 360° because of the asynunetric position 
of the planet in the·magnetosphere at these rotation angles. 
In calculating the Stokes parameters for an isotropic distribution 
of electrons, the emission from all points in a shell requiring particles 
with an equatorial pitch angle a < a (MIN) were rejected. The equatorial 
e e 
'i: I 
I 
! 
i 
:.1 
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pitch angle a of a particle at position 8,¢, whose radiation is detected 
e 
by the observer at n, can be obtained by combining Equations (30) and (58), 
sin a = 
e 
. 3 8 sin 
hl/4 
a (MIN) is determined by the surface of the planet which falls at a 
e 
different position along the field line for each shell distance 1 as 
shown in Figure 7. 
(76) 
For the distribution of electrons limited to the equatorial plane 
(K60 sin
60 
ae)' the emission is strongly confined to that plane and the 
integration is complete within 30° of the magnetic equator. These solu-
tions are denoted by the subscript 60. 
In the absence of the planet, integration over a shell yields 
U = V = 0 (as can be seen from the synunetry relations described above). 
In the presence of an eclipse of the source by the planet we get U ~ O. 
It becomes immediately obvious that V is much smaller than U or Q and 
will be neglected. 
0 0 0 For rotational angles 0 = 45 , 90 , and 135 the integration was 
performed separately for the quadrants 0 : ¢ < 180° (component 1) and 
0 0 180 : ¢ ~ 360 (component 2). These correspond to the west and east 
components, respectively, of projected maps of the radiation belts 
(Berge, 1966; Branson, 1968; Gulkis, 1970). 
Table 4 shows the effect of the planetary rotation on the eclipse 
of the source. 0 Evidently it increases gradually from 0 = 0 (when the 
zenomagnetic colatitude of the Earth, 80 = 77°) to 0 = 180° (when 80 = 97°). 
The eclipse by the planet was included for shells up to a distance of 
L = 3.0. Beyond this point it was neglected and the error involved is 
I 
I 
44 !I I 
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TABLE 4 
NUMBER OF 2° x 2° CELLS ECLIPSED BY THE PLANET AS FUNCTION OF THE 
ROTATIONAL ANGLE Q AND SHELL DISTANCE L 
l 
1,1 I 
l 
L n = o0 n = 45° n = 90° n = 135° n = 180° 
I' 
<!' 
'I I, 
I• ,,
1.1 648 736 865 973 1048 
1. 3 410 477 572 650 708 
11 
:t 
·t1 ii 
f 1. 
11 
1.5 316 375 460 513 566 1: 'I lo I ,, 
1. 7 258 312 384 430 476 
ii' 
!!:l 
:~ i i 
11 
1. 9 214 267 334 370 410 i ; :J·1 
2.1 186 234 297 325 362 
rj·\· J'·! 
~.:; 
I~ : ~ ! 
I~::! 
2.3 160 207 265 286 324 
1~; ·: 
~ ' 
. 
1 
2.5 136 182 239 254 292 r, 1~ I. ~ 
;;.' 
2.7 120 163 218 229 262 
I':. 
t', 
!:: 
2.9 102 153 199 208 234 ~; ' ~·' 
·"' ~' 
:J,: 
G:! 
1~ I ,: ,,. 
1 .. ,,, 
:·!I 
l 
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less than 10 percent as can be seen by comparison of the results in 
Tables 5 and 6 for the integrated Stokes parameters without and with the 
planet. These were computed for an isotropic distribution of electrons 
and n = o0 • 
1. The isotropic case 
' The Stokes parameters shown in Tables 5 and 6 are computed for 
representative values of u, As mentioned previously, U = 0 in the absence 
of the planet (Table 5) but in the presence of the planet (Table 6) U # 0 
and in fact it is comparable to and larger than Q at some particular 
values of L (See Figure 13). It can be seen that at L = 3 the uneclipsed 
values are within 10 percent of the eclipsed ones and that the eclipse 
effect decreases with increasing L. Therefore the values for the Stokes 
parameters have been taken from Table 6 out to L = 3 and from Table 5 
beyond. As will be seen later, the best-fitting distribution of electrons 
in the radiation belts falls rapidly for L > 3, so that the overall 
approximation is better than 10 percent. 
The function I(u,L) is shown in Figure 9. The behavior is smooth 
with a peak near u = 0.7, which corresponds to x = 0.5 (See Table 3), 
and thus, is similar in shape to the emissivity-polarization function 
F(x). The function ~2 (u,L) + u2 (u,L) was computed and is shown in 
Figure 10. There is a transition phase in the range L = 1.1 to 1.6 in 
which the polarized intensity gradually diminishes and its maximum is 
displaced towards a smaller u. At L > 1.6 the polarized intensity rises 
again with increasing L and peaks at a nearly constant value of u. 
According to Equation (9) the quantity /q2 (u,L) + u2(u,L)/I(u,L) is 
the degree of polarization for a given u at the shell distance L. Thus 
for a given u we may plot the degree of polarization of the synchrotron 
TABLE 5. STOKES PARAMETERS AS FUNCTION OF u AND L FOR THE NON-ECLIPSER 
CASE (U • 0). PITCH ANGLE DISTRIBUTION IS ISOTROPIC. n • 0 
• 1 .5 . 1.0 1.5 2.0 ~ Q I Q I Q I Q I Q I 
1.1 o.o o.o O.l4131E 00 o.·75445E-Ol 0 l B323E 00 o.ar.sar.e-01 0.16440E 00 O. 705l5E~O1 O.l4476E 00 o.596Z~E-Ol 
1.2 o.o fh!.l o.21936E 00 0.81025E-01 0.27298E 00 0.93658E-Ol 0.24302E 00 0.78HJE-01 0.21370E" 00 0.66426E-Ol 
1.3 ·0.12391E-04 -0.10209E-04 0.29334E 00 0.69851E-Ol a 35PBE oa a BZB52E-al 0.31064F 00 0.7433'3E-Ol 0.27265F 00 0.63lllE-Ol 
1.4 0.97191E-04 -0.84943E-04 0.36286E 00 0.50678E-Ol 0.42162E 00 0.75644E-Ol o.37052E 00 0.65256F-Ol 'l.32494E 00 0.55489E-Ol-
1.5 0.63032E-03 -0.56363E-03 0.43'HZE 00 0.22849F-01 o 4'9113E ao 0, 569l{oE-!l.l- 0.42'399E 00 0.51241F-Ol 0.37461E 00 0.44353E-01 
1.6 0.18318E-02 -0.16111E-02 0.50357E 00 -0.5642BE-02 0.5539BE 00 o. 37104E-Ol 0.4Bl93E 00 0.35733E-Ol 0.41974F. 00 0.3l 769E-Ol 
1.7 0.44072E-02 -o. 37432E-02' 0.57326E 00 -0.31694F.-01 O, 6l!l5E 00 O. 20!il5 3 E•O l 0.53493E 00 0.23901F-Ol 0.46563E 00 0.21983E-01 
l.B 0.9085BE-02 -0.73449E-02 0.63%0E 00 -0.62172E-Ol 0.67601E 00 -0.95717E-03 o.58291E 00 O. 70399E-02 0.50673E 00 0.79789E-02 
1.9 0.1712 8E-O l -0.12956E-Ol 0.70927F 00 -O.B8037F-Ol 0 l3642E 00 •O 116l3E•Ol 0.63263F 00 -o. 54074E-02 o. 54946F 00 -0.23226E-02 
2.0 0.269B7E-Ol 
-Q, l 92~9E-Ol 0.7BllE 00 -0.1137lE 00 o.79144E 00 -o. 34652 E-01 0.67778F 00 -0. l!H 71 E-01 0.5AA43E 00 -O.l2957E-Ol 
2.1 O. 3 8l 99E-01 
-0.257B7E-Ol 0.83ROOE 00 -0.13954E 00 O,Blt636E 00 -o sns1 e-01 O. 7230AE 00 -0. 32566E-Ol 0.62662[' 00 -0.24761F-01 
2.2 0.59266E-Ol 
-Q.:3f1246E-Ol 0.91057E 00 -O.l6l67E 00 0.90659E 00 -0.67866E-Ol •o. 77334E 00 -0.44135E-Ol 0.66942E 00 -0.34247E-Ol 
2.3 0.71614E-Ol ~0.42063E-Ol 0.96719E 00 -0.17990E 00 0.95350E 00 •O. 11l5r.S E•Ol O.Al233F 00 -0.52987E-Ol 0.70304F 00 -0.41613E-Ol 
2.4 O. l0392E 00 -o. 5491 SE-O' 0.10445E 01 -0.20006E 00 O.l0164E 01 -o. 9.3124E-Ol 0.86414E 00 -0.63464E-Ol 0.74734E 00 -0.50342E-Ol 
2.5 0.12065E 00 -o. 59544E-Ol 0. l 1054E 01 -0.21337E OC' 0 l06BOE 01 -o 103451; 00 O.''l06~11' 00 -o. 7161BE-01 0.78429E 00 -o.57260E"'Ol 
2.6 O.lt:589E 00 
-0.12142E-Ol o.11774F. 01 -0.2264lE 00 0.11236E Ol -0.11165 E 00 0.95126F 00 -0.77773E-Ol 0.82l95E 00 -0.62350E-Ol· 
2.7 O.l90:!8E 00 -o. 76801E-Ol 0.12355E 01 -0.234'17E 00 0 UZlSE 01 -O. ll 85 gr;; 00 O. 99! 08E 00 -O.R3266F.-Ol O.R55RAF 00 -0.66916E-Ol 
2.8 0.24085E 00 ·-Q.B4493F-Ql O. l3064E 01 -0.24185E CO 0.12273E 01 -0.12365E 00 o.10368E 01 -0.87354E-Ol O.R9272E 00 -0.69953E-Ol 
2.9 Q.21142E QO -O.A7435E-Ol O.P547E 01 -0.248321' 00 ~A~~~:~ ~~' _g: ~j~~!~ gg O.l069Qf 01 -0.9l103F-Ol o.o20B3E 00 -o. 72973E-Ol 3.0 O. 30623E 00 -Q 0 8771BE-Ol 0.14l26E 01 -0.25127E 00 O. ll 109E 01 -0.920AOE-Ol 0.956'.'IBE 00 -o. TH64f-Ol 
3.1 O. 36986E QO -o. 90701E-Ol 0.14727E 01 -0.25327E 00 0.11472F 01 -0.92492E-Ol 0.9R704E 00 -0.74042E-Ol 
3.2 0.40754E 00 
-O.'l2l I 6E-Ol O. l 5151E 01 -o.26lllE oo· 0.11733E 01 -0.97R1lt:-Ol 0.10089E 01 -o. 78400E-Ol 
3.3 Q.42Q04E QQ -0.85724E-Ol 0.15778E 01 -0.25977F 00 0.121'.'61' 01 -0.9865AE-Ol 0.104~4F 01 -o.7i:i05::1E-Ol 
3.4 0.50394E 00 -Q. B109H-Ol O.l6l87E 01 -0.26520E 00 0.12173E Ol -0.lOlBOE 00 O.l0640E Ol -O.Bl825F-Ol 
3.5 0.56347E 00 -0.85067E-Ol O.l6682E 01 -0.26901E 00 O. l2651E 01 -0.10392E 00 0.1087BF 01 -0.83527E-01 
3.6 0.60165E 00 -o. Bl l 26E-Ql o. l6964E 01 -0.27042F. 00 0.12825E 01 -O.l0622F 00 0.11030E 01 -O.B55'3BE-Ol 
3.7 0.6~1BE QQ -0.74579E-Ol 0.17605E Ol -0.26902E 00 0.13301E 01 -0.106BOE 00 0.11443E 01 -0.86061E-Ol 
3.8 o. 7003 3E 00 -a. 685'1 OE-01 0.18002E 01 -0.267-66E01l 0.13535E 01 -O.l0528E 00 0.11633E 01 -o. 84854E-01 
3.9 Q.16847E Qd -0. 60999E-Ol 0 0 1A504F 01 -Q.2696RF 00 0.1383BE 01 -0_. lOSJ?.!!' .. fl.O.. 0.11BA5F 01 -0.85496E-Ol 
4.o· O. 8103 OE 00 -Q.51288F-Ql 0.1R840E 01 -0.269l'>f 00 -o.-.4067E- OT - -o. !0451E 00 0.12083E 01 -O.A4091E-Ol 
4.1 0. 8~6'12F QQ -0. 53096E-Ol 0.19128E 01 -0.26953E 00 0. 14248E 01 -0.106381" 00 0.12240F 01 -0.85741lE-Ol 
4.2 O. 8965 BE 00 -o. 35003E-O 1 0.19700E 01 -0.25801E 00 0.14647E 01 -0.10223£' 00 0.12581F 01 -0.82524f-Ol 
4.3 Q.951Q~E oo -0.26993E-Ol 0.20185E 01 -0.26060<: oo· O. l4974E 01 -0.10262E 00 0.12B61E 01 -0.82574E-Ol 
4.4 0.10195E Ol -O. l 9559E-Ol 0.20585E 01 -0.25777E 00 O.l5192E 01 -o.1001oe oo 0.13051E 01 -0.80282E-Ol 
4.5 o.10651E O] -Q.11754E-Ol 0.20900E 01 -0.25672E 00 0,15359F 01 -0.99865E-Ol 0.13l92E 01 -0.80031E-Ol 
4.6 o. Ul42E 01 0.40092E-03 0.21279E 01 -0.25272!: 00 0.15564E 01 -0.98019E-Ol 0.13363E 01 -0.78548E-Ol 
4.7 Q. ll681E Ql Q. l 8972E-Ol 0.21737E 01 -0.24874E 00 0.15A55E 01 -0.970l'lF-Ol 0.13610E 01 -0.77627E-Ol 
4.8 0.11914E 01 o.23 504E-Ol 0.21892E 01 -0.24640F. 00 0.15975E 01 -0.97904E-Ol 0.13718E 01 -o. 78602E-Ol'' 
4.9 O.J?J34E QI g.2201 9E-Ql 0.22250E 01 -0.24508E 00 0.16181E 01 -O.Q7678E-Ol O.l3A96E 01 -o. 78545E-Ol 
5.0 0.13234E 01 0.57932E-Ol o. 23005E 01 -0.2226!E 00 0.20016E 01 -0.12083E 00 O.l6705E 01 -0.86952E-Ol O.l4340E 01 -o. 69968E-O l 
5.1 O.l3850E 01 o.73795E-Ol 0.23295E 01 -0.215971' 00 0.20204E 01 O. l 6A46f 01 -0.8'.'1795E-Ol O. 14454E 01 -0.67449E-Ol 
5.2 0.14273E 01 0.87604E-Ol 0.23462E 01 -0.21073E 00 0.20327E 011-0.11324E 00 0.16937E 01 -0.81291E-Ol 0.14527E 01 -0.65472E-01 
5.3 O.l4235E 01 O. l1468E 00 0.23911E 01 -0.203431' 00 o.2oa9aE 01 o.1oa10E oo Q.17237E 01 -Q.77669F-Ol 0.14784E Ol -0.62465F-Ol 
5.4 0.15171E 01 O.ll983E 00 0.24033E 01 -0.200lOF 00 O. 207831; 01' -0.10555E 00 0.17318E 01 -0.7506lf-Ot 0.148521' 01 -0.60306E-01 
5.5 Q.15442E Ql 0.1308lE QO · - o. 24443E 01 -O.l9471E 00 0 210QOE 01 Ool02&7E' OQ 0.17570E 01 -0. 7?6'18E-Ol O.l5061E 01 -o. 5A421E-Ol 
5.6 0.15707E 01 0.13966E 00 0.2.4565E 01 -O.l9ll4E 00 0.21170E 01 -0.10038E 00 0.17633E 01 -0.708R4E-Ol O.l5112E 01 -0.56993E-Ol 
5.7 o. 15 92 8 E 0 l -.Jl.ll83 4F 00 0.246781' 01 -0.1A72AE 00 0.21238E 01. Oo98lOOE 01 O. l 76RRE 01 -0.69074E-Ol 0.15156E 01 -0.55544E-Ol 
5.8 O.l6938E 01 o. l 724 7E 00 0.25062E 01 -O.l790lE 00 0>21492E 01\ -0.92717E~Ol. O.l 7889E 01 -0.64802E-Ol 0.15302E 01 -0.52444E-Ol 
5.9 9, ~HD1E 01 O. ltHl BE 00 0,25243F 01 -0.174101' 00 0,lR044f 01 -Q.64249F-Ol O.l5440E 01 -0.';2392E-Ol 
6.0 . O~l~_Ol c 0,..21.270E 00 0.25494E 01 -0.165471' 00 • ~-~;:;:; ~i -~~=~~~:=~~. O.lA175E 01 -0.59R02E-Ol o.1i;553i= 01 -0.4855BE-Ol 
~ 
0\ 
l. ------··-··---'·'·- .. , 
r 
0:: 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
. 3.1 
3.2 
. 3.3 
3.4 
3.5 
. 3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
5.3 
5.4 
5.5 
5.6 
5.1 
5;8 
5.9 
6.0 
3.0 
I Q 
_o~_nru12 Qo _9 .~f'-1111~i;-01 
0.17264r 00 0.52l61F-Ol 
o.?111qof oo o.4nA74r-01 
-o-:-?'5q75Too-- c).44zqf.<=.:o-1 
0.29q75F 00 0.355Rl"-Ol 
~33511~0-- O.?t026~-0l 
o. U? f'l2_~ __ 'lQ ___ th!_~~ f>:.:-_9-1 
o.404lqE oo o.77"?q~-o~ 
0.•376ZF 00 -0.4~·il~F-04 
o:46'l4-if:-oo- -o. !>;>596t=-02 
0.49A66F 00 -0.1731'lF-Ol 
n.s~1R'lF oo -0.24467"-0l 
0."5'l4qF 00 -0.'00'lOF-01 
-o:<;-n81-Foo---=o-:'i-655a".:o1 
0.62161E 00 -0.4~'ll4F-Ol 
-o~/:5013<;f:-oo- -o.457-,6~=-()1: 
O.b7715F 00 -o.4q?JAF-01 
-ff. 70664f 00 -0.516'i4E-Ol 
0.72Q06F 00 -0.5'9'7E-Ol 
0:-1s1oc;i: oo --=o-:54c;o;zf'-01 
0 0 7f'049f 00 -0.54'l5!E-Ol 0. 19110F --Oil-- -o. 5s2s<;i::c1 
o.~?457E no -0.5R~49E-Ol 
O.A4055E 00 -0.60870~-0l 
O.A5'l96F 00 -0.6?l62F-Ol 
O.f'ii-17F-0~0.6,646':-0_1_ 
J'l ,_'!_(l'!_l 2 [_O_Q __ ~l!_!<J 06f_- 01 
0.91A7AE 00 -0.63?96E-Ol 
O. <;1Al0f (}() -:0.636_86t=-01, 
o.q5:n1F oo -o. 6?'i£,4F°-or 
0.9659lF on -0.63921F-Ol 
0.9Q'06E 00 -0.61452F-01 
O.!Ol57E 01 -0.61~36E-Ol 
0.!010RF 01 -0.5q4AlE-0! 
O.l041Rf 01 -0.593llE-OI 
0.10549E 01 -0.5Rl2'!;-01 
0.10742F O! -0.5731_f_f-Ol 
0.10A~1c 01 -0.5Al24E-Ol 
0.10970F 01 -0.57941F-Ol 
-0: 113291" Ol -o. 5l3illE-Ol· 
0.11420F 01 -0.4Q171F-0l 
O.ll47RE 01 -0.47790~-0l 
O. ll'>75f' Ol -~~'i6H6__E,::Q_l 
O.ll727f 01 -Q.44051~-0l 
0.11 ~R6F Ol--=:Q..._4255RF-Q_l 
O.ll024F 01 -0.4!4Y2"-01 
0.11956F 01 -0.40434F-Ol 
o.l2092E 01 -o.•75R3F-Ol 
_Q_. 12 21 2.L_QJ __ ~TI_5_Q_]_l:_-:_ 0 ! 
o.12<03F 01 -0.14495E-Oc 
4.0 
I Q 
0.96Jl5E-Ol o.~75911=-0l 
O~l4Z3iF 00 O~t.ti<ini=:..rff 
0 0 1Al50~ 00 0.19937f-Ol 
-~co;"~ F (fo -- -- !f~-'3<; ·E4-,o:. 01 
0.24Q6~F 00 0.27~75E-Ol 
0.?7Q24f DC 0.20077~-0l 
0.;0908f 00 0ol'5R2F-Ql 
· 0:-33-7oii!' oo--o:47345-<=-o2-
o. 3o4A6F oo -0.17679r-02 
o. •Q029E--cio--~0~84'l l <;<=:o~ 
0.4!54;F: 00 -O.l600lf-Ol 
0.44'14F 00 -O.zlq94F-01 
O.t.6575f 00 -0.26532F-Ol 
0:-49t.o4y-Qo -.:o.3~-Q4') f:..ar 
0.51777F 00 -0.36277<=-01 
--o. s42~r:oo---o-~~956nr-o! 
0.5645lf 00 -0.42417~-01 
0.5A946E o0-::0.4451l7F-Ol 
O.~OR03F 00 -0.46542E-01 
o. 6~1 ifl_F_Oo---::-o-~46'f6~F'=6f 
O.t5091F 00 -0.47237"-01 
---o:hr,54 !"""~0/5-----o. r;of2"""'1F:oT 
0.6R7Q2F 00 -0.5056~"-01 
0.70l66F 00 -0.522RZF-Ol 
0.7!717F 00 -0.53417"-01 
o. 1?-7i0~00-=o-:-'it..'>10"- or 
0.75453F 00 -0.55047"-01 
-o-: 1 n 6:filf _o_o_ --=o~-s • 4-z-,. E -of 
0.7RlRAF 00 -0.54977=-ct 
o.794?'>1" oo -o.54010•-01 
o.~0435F 00 -0.55?9'~-01 
O.R2677F 00 --il-:5V?bE-Ol 
o.~4579F on -o.s,106F-01 
n.P5R?4c 00 -0.51607F-Ol 
O.P67<9F 00 -Q.51446E-Ol 
O.P78<0f 00 -0.504~7E-Ol 
0.M94!5~ 00 -0.49<;8\E-Ol 
0.90175f 00 -0.506q7F-Ol 
0.9l29RF 00 -0.50604F-Ol 
o.044gf,t= oo -o.44q2-;,i=-0T 
0.95'17F oo -o.4z9gqc-01 
0.~5~6Qf 00 -Q 0 41406C-Ql 
o.97"B6" oo -o.3qz75~-01 
o.c;R040E oo --0.3l>i64c-a1-
0.99373F 00 -0.<674JE-01 
0.996QOF 00 -0.15A6qE-Ol 
0.99067f 00 -0.<49o6F-Ol 
0.10017f 01 -0.344R!•-Ol 
0.10080F 01 -0.'564qf-Ol 
O.lOlOlE 01 -0.14qq7F.::(JT 
TABLE 5. (Continued) 
5.0 
I Q 
O.R64llF-Ol 0.33167F-Ol 
0.il6-B6E-riO- --o~-~6A5rl~Of 
O.l6120F oo o.•4q99c-01 
-O.!oli'6E 00 0.301'16ff.::oT 
n.22022r oo o.24507F-Ol 
0.?4642f 00 0.17374F-Ol 
0.27265E 00 O.ll861lF-01 
0.2q5~2E 00 0.44500E-02 
0.1?000F 00 -0.11688F-02 
0.~4241F 00 -0.70715f-02 
0.,640lF 00 -O.l'421F-Ol 
0.~883'1F 00 -0.1860QE-Ol 
o.4o786E ~o -o.2?5q4i=-01 
0.43269E 00 -0.27150F-Ol 
0.45''5F 00 -O.'OR?Rf-01 
0.47444T~0:-3>56ot=-01 
0.49176F 00 -0.3607'lf-01 
0.51525c 00 -0.37'1JlF-0! 
0.531t6c 00 -0.3Q410t=-0J 
-;1.o;•;i21!=-oo -o-:-3Q6a!f'~o! 
·o.~6868F 00 -o.<qM8fF-Ol 
o. 5 <11 31if:-oo --.: o~4?36-6F-.:-rff 
0.6009>E JO -0.4?727"-01 
0.61?.43F 00 -0.44162f-Ol 
0.62556F 00 -0.45082F-01 
0.6340~~ -0.46207"-0l 
0.65786~ 00 -0.465470-0l 
-,i""". 6 6 q 3z"""f<10 ---::o-:4';-Q i<lF= o i 
O.f,R?49f 00 -0.464?6f-Ol 
0.69196F 00 -0.45571"-0l 
0.70?93F 00 -0.46488f-Ol 
o. 7?246E oo -o.447-?zr:-01 
0.73q2JF 00 -0.44609E-Ol 
C.75080~ 00 -0.43243F-Ol 
0.75A9~F 00 -0.43014F-OL 
0.76'195E 00 -0.4?093E-Ol 
0.78140c 00 -0.414?71=-01 
o.1~q9qf oo -o.4?074r-01 
0.7oOQAE 00 -0.4lQ85F-Ol 
0.8?006F 00 -0.38?5?E-Ol 
0.~2312E 00 -0.37576F-Ol 
0.82461" 00 -0.37159F-Ol 
O.A1500f 00 -0.~7043F-Ol 
o.8378Rt= 00 ·-o.359q7c-01 
C0 R487lc 00 -0.35136F-0! 
Q.R5083E 00 -0.14440"-0l 
O.R5265f 00 -0.137Zlf-Ol 
0.8536RE 00 -0.31188~-0l 
O.R5884E 00 -0.344~0F-Ol 
O. A5"92f: 00 --::0-:-34-00J<:-Ql 
1.0 
I Q 
o.6qQ40E-Ol -o.26r,1s=-01 
o.10211F oil- o.2ar;i,..,t=-01 
o.1305qf oo o.28162E-Ol 
0.15402F 00 0.249<l1E-Ol 
0.J7830C 00 0.2010R"-01 
o.199lqF oo o.l4648c-01 
O.Z?077F 00 0.10~17E-Ol 
0.23955F 00 0.428R6F-02 
0.259lqf 00 -O.l0668F-03 
0.27730F 00 -0.49041E-OZ 
0.?04R5F 00 -0.99166C-02 
0.314~4f 00 -O.l4002f-Ol 
0.330!6f: 00 -O.l7?77F-01 
0-~,~025E 00 -0.209fl'H'-Ol 
o.~66R6F 00 -0.21941E-o: 
0.3q4l?f 00 -0.26l86E-Ol 
Q.3q9Q6f QQ -Q.2~258F-Ql 
0.4!72qi: 00 -0.29669t-Ol 
0.430lqF 00 -0.31010E-Ol 
0.4461BE 00 -0.11317"-0l 
o.45q7QE 00 -0.31437E-Ol 
0.4696qF 00 -0.31443F-Ol 
0.4A557f 00 -0.31706F-Ol 
0.4Q556F 00 -0.34033F-Ol 
0.506Rqf OQ -0.3~6RlF-Ol 
0.5141AE 00 -0.165~9[-01 
0.53<65f 00 -0.36735E-Ol 
0.54039E 00 -0.36183E-O! 
0.~4P20t= 00 -0.3655lF-Ol 
0.~55<2E 00 -0.36101F-Ol 
0.560~6E 00 -0.37202E-Ol 
o.57360E 00 -0.36'i80f:-O! 
0.5P450F 00 -0.~6759t=-Ol 
0.5B•llF 00 -0.3"0~4[-01 
C.5Q320F 00 -0.3..,0.13<=-01 
0.59860F 00 -0.36261E-Ol 
o.60742E 00 -0.36q93F-:lll 
0.61?60E 00 -0.3747?E-Ol 
0.6J994F 00 -0.37393~ 
0.63505F 00 -0.3439lf-Ol 
C.6'700F 00 -0.1<854F-Ol 
0.63793F 00 -0.335~6F-Ol 
0.64594F 00 -0.334q?E-Ol 
0.6476?E 00 -0.32727F-Ol 
_Q._~ 00 -0.32039E-Ol 
0.65714~ 00 -0.3!646~-0l 
0.65~19F 00 -0.3'190"-01 
o.65Al9f 00 -0.3l!QOf-Ol 
~~00 -0.32'75E-Ol 
0.6A20?F 00 -0.32175E-Ol 
10.0 
I Q 
0.54692E-Ol 0.203,!E-Ol 
-o-:80'>2"""~-.:-01- --o .22'1i:JqE-oT 
0.10241lF. 00 0<21927E-Ol o. 121R!F-oi:i ___ o~1944-8f.::01 
o.14051E oo o.154qoE-01 
0.1571AF 00 O.lll73E-Ol 
0.174l4F 00 0.7H309E-02 
0.1Aql9E 00 0.30l34E-02 
0.?048~F 00 -0.47466~-o~ 
0.2lOJ3E 00 -0.41004E-02 
0.21315E OC -O.Rl7P.'lE-02 
0.24A50E 00 -O.l!13'lf-Ol 
0.26057E 00 -o.t<907E-Ol 
o. 21649!:00-~o: 16109E~o1 
0.2~961F 00 -O.l902~E-Ol 
O. 3034AE 00 -O-~ZOA04f~-Ol 
o.'1597E oo -o.223qoc-01 
0.310•0~ 00 -o.2;6lOE-Ol 
0.34079F 00 -0.24712c-01 
0. 3539?F oo---::0-: 24g3s"-01 
0.36166F. 00 -0.2470Zf-01 
o. 367A4E 00 -0.2612qE-Ol 
0.37R89F 00 -0.263891=-0l 
0.3R272f 00 -0.27390"-01 
0.3RRq6E 00 -0.27841E-Ol 
-Q.3Q<l2E oo -0.2A'>44f-Cl! 
0.40716F 00 -O.ZAR71~-0l 
-o-~4To44'f"""o0::-0.2R'121f=.01-
o.41s19F oo -0.?9637f-Ol 
0.4-:?023!:- UTT -0.;>9<<3E-Ol 
0.47.401~ 00 -0.30236E-Ol 
0.4~4?3F 00 -o~z9786"-01 
0.44l7?F 00 -0.3017RE-Ol 
0.4446lf 00 -0.29674E-Ol 
0.446o5E 00 -0.20964=-01 
0.45029E oo -o.zoo~nE-01 
0.45607F 00 -0.•0496F-Ol 
0.4594RE 00 -0.30974E-Oi 
0.46507" 00 -O.o098RF-Ol 
0.476B7E 00 -o.zgsq4E-Ol 
0.4778'f 00 -0.28569'-01 
0.478?9F 00 -0.284CJ~-Ol 
0.48429E 00 -0.2R5~7F-01 
0.4A524E00 -:0-.?R05~F.-Ol 
0.4914Af 00 -0.276o7E-Ol 
0.49l48E 00 -0.27637E-Ol 
C.49l~RE no -0.276<7t=-01 
0.49l48E 00 -0.27637~-0l 
0 0 49459F 00 -O.?R422E-Ol 
0.49459E 00 -0.2R42'f-Ol 
"'" ......, 
1.10 
1.2 0 
1.30 
1.40 
___ 1....50 
1.60 
1. 7C 
1.ac 
1.90 
2.oc 
2.10 
2.2 c 
2~3C-
2.40 
2.50 
2.60 
- 2. 7C 
2.8C 
2.90 
;.oc 
l. l c 
l. 2C 
l.3C 
1. 40 
l.5C 
1. cC 
1. 7C 
J.8C 
1. SJ 0 
__ 2.0C _ 
2.10 
-z.20-
2.:;o 
-2:40---
2.so 
-2.00 
2.10 
2.80 
2.00 
_3.00 
1.: 0 
1.2c 
1. ~o 
l .4C 
1. "C 
l .6C 
l. 7 c 
l. AO 
1.90 
2.00 
2.10 
2.2C 
-2.30 
2 ·.4 c 
--2.50-
2.hC 
z. 7 0 . 
2 •. gc 
2.90 
~.oo 
TABLE 6. STOKES PARAMETERS AS FUNCTION OF u AND L FOR THE ECLIPSED CASE 
(U ~ 0). PITCH ANGLE DISTRIBUTION IS ISOTROPIC. n = o0 
.1 
0 0 
o.o 
o • .;Ol~8E-C5 
o.ec423t:-o.:. 
__ O. 505S4E-:_Q_l_ 
O.lS~O'S~-cz 
0.3H38E-02 
'1.7E258E-C2 
•J.14285E-Cl 
J. 21 OEE-01 
0.33400E-01 
0.50500E-01 
0.63200E-Ol 
0.89800E-01 
0,10640E-OO 
0.14 '18E' oc 
O.H:i55E CC 
O. 20~92F .OC 
o. 24 lo=r or. 
O. l7C12E CC 
o.o 
o.o 
.1 
-C.8437?E•05 
-o. 76227f-04 
-0!~_5 2 i OE_:_Q}_ 
-0.1.'HS9F·C?. 
-0.32431E-CZ 
-J.l-41:36~-02 
-'.l. l lr.76t-O l 
-O. l(: 218£-0! 
-6. iJ-36iE:.01 
-0,32672E-Ol 
-0.39101E-Ol. 
-0.50727E-Ol 
-Q, 2_6_8~3}E-:01 
- O • 6-~-~-3 7 F- 0 1-
- o. 751?0E-Ol 
-o. 83 24CE-Cl 
-'l.f'lH81E-Ol 
-o. <; H 2 0 E- 0 l 
.1 
c.o 
o.c 
-0.12!"!;,f-O<; 
-0. l 5515F-Q;; 
__a_J3522~ 
0.6542.,E-04 
,• r).22·277E-C? 
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emission as a function of L (Figure 11). Again we see a sharp drop in 
the degree of polarization near L = 1.6 with a rise to a peak near 2.0 
and then a gradual decline with increasing L. In order to ciarify this 
behavior we must refer to Figure 12. This shows the relationship between 
the equatorial pitch angle a and the corresponding range of positions, 
e 
6 - ¢ for the source points. Thus, if we set a limiting equatorial 
0 pitch angle ae(MIN) = 15 , we can integrate only up to the colatitude 
6 = 67.5° in the plane¢= 0° as opposed to the colatitude 6 = 60° in 
the plane¢= 30°, or colatitude 6 = 45° in the plane¢= 90° and so on. 
0 0 This situation repeats itself in reverse for 90 < ¢ : 180 . Thus for 
any limiting equatorial pitch angle such as described in Section E there 
will be a different range of source points for different ¢-planes. Inter-
ference among those different planes will produce the curve obtained in 
Figure 11 with a minimum at the point of greatest ihterference.. In the 
absence of the planet the minimum is exactly zero near L = 1.6. Thus, 
the effect observed is purely a consequence of the dipole geometry in 
its three-dimensional context. It should be noted that the degree of 
polarization generally increases with decreasing u at any given shell L 
(Figure 11) • 
The quantity U (u,L)/Q(u ,L) measures tne angle between the plane of 
linear polarization and the magnetic equator (represented by e in y 
Figure 3). By combining Equations (73) and (74) we see that this is 
simply a measure of tan 2x where x is the angle between the plane of 
polarization of the emission and the magnetic equator (or reference axis 
e in Figure 3). The results plotted in Figure 13 show a persistent y 
anomalous behavior in the region of the minimal degree of polarization, 
i.e., when the electric vectors from different ¢-planes nearly all cancel 
each other. 
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2. The anisotropic case 
In the case of a distribution of electrons sharply confined to the 
magnetic equator, we immediately have u60 r-1 O. Thus, we have 
/q~0 Cu,L) + U~cfu,L) = Q60 (u,L). The values for u = 1.5 are shown as 
functions of Lin Table 7. The values at Q = 0 are designated with the 
_superscript 0 and for Q > 0° the parameters are expressed as a ratio to 
the corresponding values at Q = 0°. Furthermore the two components (1) 
and (2) (See Page 43) of the emission at Q = 45°, 90°, and 135° are shown 
for comparison. We see that for Q = o0 both r60 and q60 vary so slowly 
with shell distance that a single curve shown in Figure 14 may be used 
to represent both parameters for all shells with an accuracy far better 
than 10 percent. It is immediately apparent that the degree of polari-
zation at Q = o0 is nearly constant with a value of 0.56 as L varies. 
In turn, the intensity at n = 90° (when the colatitude of the observer 
0 0 0 80 is 87) is increased by a factor of 2 over that at 0 (8 0 = 77 ). 
This is to be compared with the isotropic case where an increase in the 
occultation of the source points with rotation (See Table 4) results in 
an actual decrease in the intensity at Q = 90° for shell distances L < 2. 
The change in the intensity (or degree of polarization) with shell 
distance is more marked with increasing rotation angle Q, This is due 
to the fact that at these larger angles the occultation of source points 
close to the equatorial plane rapidly decreases with increasing L. Com-
parison of the two longitudinal components of the intensity shows that 
component (2) (east component) is consistently less than component (1) 
(west component) by 2 to 3 percent, the difference being greatest for 
shells closer to the planet, 'i.e., when the occultation effects are a 
maximum). 
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TABLE 7 
STOKES PARAMETERS AS FUNCTION OF u AND L FOR TH~0ECLIPSED CASE (U f 0). (The pitch angle distribution is of the form sin a • For rt > 0° the 
quantities are expressed as a ratio to the correspoiiding value at rt = 0, 
u = 1.5.) rt = 00 
0 po fcl~ 0 ( u,L) 2 L I = r 60 (u,L) = + U 60 ( u,L) 
1.1 0.01375 0.00770 
1. 3 0.01415 0.00793 
1.5 0.01436 0.00805 
1. 7 0.01447 0.00812 
1.9 0.01456 0.00817 
2.1 0.01463 0.00821 
2.3 0.01469 0.00825 
2.5 0.01473 0.00827 
2.7 o. 01477 0.00829 
2.9 0.01480 0.00831 
rt = 45° 
L I~~)(u,L)/!0 !(2)( L)/Io 60 u, /o2 2 0 q60 (u,L) + u60 cu,L)/P 
1.1 0.62759 0.61313 1. 24429 
1.3 0.655,91 0.64222 1. 30321 
1.5 0.66892 0.65531 1,33024 
1. 7 0.67749 0.66403 1.34822 
1.9 0.68472 0.67006 1.36204 
2.1 0.69005 0.67493 1.37268 
2.3 0.69349 0.67807 1. 37954 
2.5 0.69611 0.68236 1.38675 
2.7 0.69866 0.68493 1. 39211 
2.9 0.70120 0.68749 1~39742 
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TABLE 7 {cont.) 
r.i = 90° 
L I~~) (u ,L) /1° I~~) (u ,L) /1° /q~0 (u,L) 2 0 + u60 (u,L)/P 
1.1 0.85099 0.83574 1.69777 : 'i'i 
1.3 0.93968 0.91810 1. 87130 
1.5 0.97904 0095779 1.95302 
1. 7 1.00662 0.98547 2.00985 
1. 9 1.02410 1.00554 2.04883 
2.1 1. 04054 1.02031 2.08132 
2.3 1. 04935 1.03098 2.10157 
2.5 1. 05794 1.04300 2.12306 
'' 
' 
,, 
2.7 1.06607 1. 04743 2.13615 ii ,, 
2.9 1. 07378 1. 05376 2015080 
r.i = 135° 
L I (l) ( u,L) /!0 60 I~~) (u ,L) /1° /q~o (u ,L) + u~0 (u ,L) /P0 
1.1 0.63314 0.62402 1. 26250 
1. 3 0.76025 0.74050 1.50584 
1.5· 0.82227 0.81042 1.64006 
1. 7 0.86559 0.85038 1. 72543 
1. 9 0.89407 0.88211 1. 78751 
2.1 0.91649 0.90624 1.83562 
2.3 0.93541 0.92364 L 87323 
2.5 0.95020 0.94053 1. 90609 
2.7 0.96355 0.95393 1. 93387 
2.9 0.97552 0.96388 1.95666 
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TABLE 7 (cont.) 
n = 180° 
L r 60 (u,L)/I
0 /q~0 (u,L) 2 0 + u60 cu,L)/P 
1.1 0.89823 0.89928 
1.3 1.13496 1.13346 
1.5 1. 26095 1.26083 
1. 7 1. 34946 1. 35111 
1. 9 1.41435 1.41761 
2.1 1.45664 1.46125 
2.3 1. 49881 1.50476 
2.5 1.53502 1.54225 
2.7 1.56189 1. 57013 
2.9 1.58586 1.59504 
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The Stokes parameters given by Equations (72) to (75) were computed 
as a function of the variable u for a given shell at distance L. The 
results for the isotropic and non-isotropic cases are shown in Figures 
9, 10, and 14,. and Tables 6 and 7. To calculate the Stokes parameters as 
functions of the energy variable u' = /Es s/s0 at a frequency f, we make 
the transformation u' = (fL3) 1 / 2u [See Equation (67)]. The results for 
the intensity function are shown in Figure 15 for the shells L = 2 and 
L = 4. It is clear that the intensity peak moves to higher values of u', 
i.e., towards increasing energy, with increasing frequency of emission. 
Also comparison between the two shells shows that the intensity peak at 
a given frequency moves to higher values of u' in going from an inner to 
an outer shell. It is also obvious that for low values of the energy 
(say u' < 100) the integrated intensity from the outer shell at 100 MHz 
is greater than at 1000 MHz. On the other hand the intensities are of 
similar magnitude in the inner shell. This pattern is a direct reflection 
of the behavior of the emissivity-polarization functions for synchrotron 
radiation. These functions show a peak near x = 0.3, then fall rapidly 
with increasing argument and more slowly in the other direction as shown 
in Figure 14 above. Here we express this argument x as an inverse 
function of energy for a given frequency and a magnetic field strength 
which falls as 1/13 in the equatorial plane [See Equation (67)]. This 
pattern partly accounts for the observational evidence (Gulkis, 1970) 
that the Jovian radiation belts appear to broaden with decreasing 
frequency. This effect will be elaborated upon later. 
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CHAPTER III. APPLICATION TO JUPITER 
A. Observations of the Radiation Belts of Jupiter 
The collected results (Dickel, Degioanni, and Goodman, 1970) of a 
large number of observations of Jupiter in the decimeter range are 
shown in Figures 16a, 17, and 18. The non-thermal spectrum derived in 
Figure 16a was obtained assuming the thermal models of Berge (1966) and 
Branson (1968). The resultant spectrum shows a peak near 800 MHz and 
falls very slowly on either side of this frequency. The approximate 
ratio of the intensity at 1430 MHz to those at 100 MHz and 3000 MHz is 
about 1.5. The fractional polarization of synchrotron emission reaches 
a peak of about 30 percent near a frequency of 3000 MHz and falls on 
either side of this frequency. 
It has been well established (Roberts and Ekers, 1968) that the 
total intensity shows a variation with longitude of the central meridian 
of the disk as· shown in Figure33a. This variation has an amplitude of 
10 to 20 percent between at least 600 MHz and 3000 MHz and probably to 
much lower and higher frequency limits. The variation has a minimum at 
0 
about AIII = 20 which is greater than the minimum at AIII 200°. When 
these data are replotted as a function of the zenomagnetic latitude of 
0 the Earth (90 - e0) they show an asymmetry such that the radiation from 
southern latitudes falls more rapidly with increasing latitude than the 
radiation from the northern latitudes. Warwick (1967) has shown that if 
the radiation is assumed to be strongly beamed at an angle of 1.2° above 
the equatorial plane of the dipole, then the intensity of the radiation 
0 
measured with respect to a new equatorial plane, defined as 80 = 80 - 1.2 , 
becomes synunetric as a function of the zenomagnetic angle. To produce a 
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minimum field strength 1.2° above the dipolar equator requires that a 
small linear quadrupole (3 Gauss) be superimposed on a pure dipole. 
Several high resolution observations of the radiation belts of 
Jupiter have established that the source can be approximated by a planet-
centered uniform ellipse with major and minor axes of 3 and 1 diameters 
of Jupiter. Furthermore, it has been demonstrated (Gulkis, 1970) that 
the belts are broader at the lower frequencies. Specifically at least 
90 percent of the emission at 100 cm originates within 5.5 Jovian radii 
from the ephemeris position of the planet. On the other hand, at least 
90 percent of the emission at 21 cm originates within 3 Jovian radii 
from the ephemeris position. Branson (1968) has also observed an 
asymmetry in the intensities of the peaks of radio brightness on either 
side of the planet. This small asymmetry was described by him as due 
to some anomaly in either electron density or more probably in the 
0 
magnetic field at a longitude close to 200 . The anomaly was seen to 
move from west to east as the maps at different increasing longitudes 
were compared. 
Because of the 10° inclination of the magnetic axis relative to the 
rotational axis, the plane of polarization of the synchrotron emission 
is observed to oscillate with an amplitude of 10° as a function of the 
central meridian longitude. The observed curve for this oscillation has 
been shown to depart significantly from the simple sinusoidal form 
predicted for a dipolar field (Roberts and Komesaroff, 1965), Conway 
and Stannard (1972) attempted to explain this effect as well as Branson's 
0 (1968) hot spot near AIII = 200 in terms of a magnetic anomaly similar 
to the Atlantic anomaly around the equator of the Earth (this anomaly 
results from a localized tilting of the magnetic lines of force such 
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that the normal to the field lines no longer lies in the plane of the 
magnetic equator). 
B. The Theoretical Model of the Radiation Belts in a Planet-Centered 
Corotating Dipolar Field 
1. General considerations 
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As we will see it is convenient to subdivide the radiat~on belts of 
Jupiter into two zones, the inner zone located between the surface and 
L = 2 and the outer zone extending beyond L = 2. This division is 
similar to that employed by Melrose (1967) in describing the rotational 
effects on the distribution of thermal plasma in the magnetosphere of 
Jupiter. He describes an inner region where the net acceleration is 
towards the planet and the particaes satisfy a Maxwellian velocity 
distribution. At about L = 2, the field-aligned components of centrifugal 
and gravitational force are equal. Beyond this point the centrifugal 
predominance results in a density distribution that is flattened in the 
equatorial plane and falls as BL-l with increasing L. Also the velocity 
distribution of the plasma in this outer region becomes increasingly 
anisotropic with increasing distance. The corotating magnetosphere 
breaks up as a result of electrostatic microinstabilities at L = 7,well 
inside the boundary with the solar wind (L = 53). 
The density and velocity distributions of the high-energy particles 
that form the radiation belts are probably quite distinct from the 
corresponding values of the thermal plasmasphere as the origin and 
dynamics of these relativistic particles are not as clearly understood. 
Nonetheless, a great number of observations have been accumulated on the 
Earth's Van Allen radiation belts. Results from one of the early satellite 
experiments (July 1963) are reproduced from Radiation Trapped in the. 
Earth's Magnetic Field, ed. B. M. McCormac, 1966, in Figure 19. They show 
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that the energy spectrum of electrons in the inner belt is significantly 
softer than in the outer belt. The electron intensities fall with in-
creasing latitude in both belts (the satellite orbit was such that the 
minimum latitude reached in the outer belt was 50°). Figures 19 (E) and 
(F) show the electron pitch-angle distribution in the belts. The solid 
curves indicate the distributions expected on the basis of the perpen-
dicular intensities of Figures 19 (C) and (D) and are consistent with 
the measured distributions within the limits of accuracy determined by 
the instrumental aperture and the uncertainty in aspect determination. 
The pitch angle distribution appears narrower in the inner regions as 
compared to the outer regions. However, the cutoffs established by the 
dashed curves are what one would expect were the distributions isotropic 
with only the surface of the Earth as a limiting factor. 
For a corotating terrestrial magnetosphere, centrifugal and gravi-
tational forces balance at about 6.5 RE (Ioannidis and Brice, 1971). 
However, at this distance the magnetosphere is not simply corotating 
and the plasma is not in diffusive equilibrium with the ionosphere. 
Inside the plasmapause where the magnetospheric motion approximates 
corotation, the centrifugal force is less than the gravitational force 
and does not play a major role in determining the plasma density. 
Similarly, the centrifugal force does not affect the Earth's radiation 
belts described above. Thus the effect of the centrifugal force on the 
distribution of particles in the Jovian radiation belts has no terrestrial 
counterpart and it can be inferred only from observations and a theoretical 
model. 
For L < 2 the interferometric and lunar occultation observations 
do not provide fine resolution of the intensity of the emission. Thus, 
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Figure 19. Results from early satellite observations (July 1963) of the 
terrestrial radiation belts. The lowest latitude (represented 
by A) attained by the satellite in the outer belt was A= 50°. 
Reproduced from Radiation Trapped in the Earth's Magnetic Field, 
ed. B. M. McCormac, 1966. 
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in order to allow for the possibility that the properties (number density, 
energy and pitch-angle distributions) in the outer zone (L > 2) are quite 
different from those in the inner zone (1 < 2), we have arbitrarily <livid-
ed the intensity distribution into the same two zones. This requires 
a rapid decline of the intensity from the outer region with decreasing 
1 for 1 < 2 so we may treat the intensity function in the inner zone as 
a separate distribution. 
2. The outer zone 
The observations by Branson (1968) have shown that approximately 
90 percent of the emission at 21 cm occurs within 3 Jovian radii of the 
ephemeris position. Observations by Berge (1966) at 10.4 cm support 
this result. The emission pattern in both cases shows a peak near 1 = 2 
and then falls gradually with increasing distance from the planet. 
A practical and reasonable approximation to the intensity of the 
emission at 21 cm as a function of shell distance for 1 > 2 is given by 
the Poisson distribution of order 6, 
F(1) = 6.7Y e-6' 7/r(Y + 1) for 1 > 2 (77a) 
where Y = 6*1/1.8. 
The representation for the decrease in intensity from the outer 
zone inside 1 = 2 is taken as the Gaussian of halfwidth ll1 = O·.l, 
F(1) = Ae-25(1-2) 
, for L < 2 (77b) 
Y0 = 6*2/1. 8. 
We also anticipate that the pitch-angle distribution in the outer 
zone is confined in a plane close to the magnetic equator, particularly 
for L > 2. If indeed the distribution is anisotropic, i.e., is signifi-
cantly affected by the centrifugal force of the corotating magnetosphere, 
it probably becomes increasingly so with increasing distance in analogy 
with the effect of this force on the thermal plasma (Melrose, 1967). 
We do not know what this function might be and an approximation is made 
by using a constant anisotropy factor NQ in the outer zone. 
Ne also assume, at this point, that the energy distribution in a 
given zone is independent of both L and the magnetic latitude. From the 
results obtained in terrestrial satellite experiments, this appears to 
be valid. 
From Equations (72) to (74) we get the expressions for the net flux 
and degree of polarization received at a frequency f from a shell at 
distance Land for a particular energy-dependent variable u', 
and 
where m0 , m60 are given by Equations (70) and (71), 
2 2 1/2 
Pf(u',L) = [Qf(u',L) + Uf(u',L)] , 
and D(L) = B N(L), the equatorial density profile. 
s 
Now, if we combine Equation (78) evaluated at 1430 MHz with the 
(78) 
(79) 
intensity proFile at this frequency given by Equations (77a) and (77p); and 
a profile in the anisotropy factor NQ defined in Equation (80),we can 
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solve for the equatorial density profile D(L). The solution is unique 
for a particular distribution in the energy-dependent variable u'. The 
solution for D(L) is given in Section B-4 below. Once D(L) is available, 
we can solve for the expected intensities at the other frequencies. To 
obtain the longitudinal variations we set the intensity and polarization 
profiles of Equations (77a) and (77b) to be the observable distributions 
at 1430 MHz for Q = o0 • This approach is justified since the observed 
intensity distributions show very little change with rotation (Branson, 
1968). 
The Stokes parameters of Equations (72) through (74) were integrated 
for values of u' ranging from 0 to 250. For a surface field of 10 Gauss 
this imposes a maximum energy of 40 Mev; in our energy spectra u' was 
subdivided into increments of 10 units (~u' = /Bs ~(E/E 0 ) = 10) and the 
energy spectra were represented as histograms in the variable IBs E/E0 
with this resolution (~u' = 10 or 1.6 Mev for a surface field of 10 Gauss). 
Centrifugation of the electrons in the equatorial plane affects 
primarily the degree of polarization of the emission and the degree of 
beaming of the radiation into a cope sharply confined to the magnetic 
equator. The latter, in turn, is observed as a variation in the received 
intensity as the planet rotates and as an oscillation of the plane of 
the magnetic equator with an amplitude of 10° above and below the line 
of sight to the Earth. Such variation at 1430 MHz is displayed in 
Figure 20 for several different values of the anisotropy factor NQ. The 
curves are drawn for the particular case of a uniform distribution of 
particle energy in the outer zone. The sh~pe and trend of the variation 
of the curves with NQ is similar for whatever energy distribution is 
chosen in the outer zone. As discussed on Page 73 we use the following 
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step-up function for the anisotropy factor NQ: 
NQ(L < 1.8) = O, 
NQ(l.8 ~ L < 2) = a, and (80) 
NQ(L > 2) = b, such that b > a. 
The curves plotted in Figure 20 show the oscillation in the intensity 
at 1430 MHz for NQ(L: 2) = 0 (with a= O) and NQ(L: 2) = 2, 7, 30 
(with a= 2). These curves represent the cases where O, 67 percent, 
87.5 percent, and 97 percent,. respectively, of the particles beyond 
L = 2 belong to a population of electrons whose pitch angles are very 
near 90°, i.e., with a distribution of the form sin60 a • 
e 
It is signi-
ficant that not all the particles, and, in fact, no more than 90 percent 
can be confined to the equatorial plane if the observed oscillations are 
to show an amplitude in the 10 to 20 percent range. 
The curves clearly show a minimum at AIII = 198° which is deeper 
than the minimum at AIII = 18°. The minimum at AIII = 18° is higher 
because the Earth lies within 7° of the magnetic equator at this longitude 
as opposed to 13° when AIII = 198°. (*) However, the amount of occultation 
0 0 of the radiation belts fs largestwhen A111=18 and least when AIII = 198 
(See Table 4). Since occultation and beaming are in the opposite direction, 
the total range of the longitudinal variation is reduced from what would 
be obtained in a non-ecli~sed model. Also, the gradual increase in 
occultation with increasing longitude produces an apparent asymmetry 
which is best shown in a plot of intensity as a function of the absolute 
zenomagnetic latitude of the Earth. Figure 2l(a) shows this apparent 
(*) These results appl6 to the epochs when the Joviocentric declination 
of the Earth is +3 , 
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OUTER ZONE (NQ = 4) 
OUTER + INNER ZONE 
50 10° 
ZENO MAGNETIC LATITUDE OF EARTH (ABSOLUTE VALUE) 
(a) Top graph. This is obtained by replotting the intensities shown in 
Figure 20 for NQ = 4 as a function of the zenomagnetic latitude of the 
Earth read from Figure 4. The symbols (•) and (x) represent points cor-
responding to southern and northern latitudes, respectively. Occulta+· 
tion by the planet produces an apparent asymmetry in the emission from 
the two hemispheres. (b) Bbttam graph. This is obtained by replotting 
the intensities read in Figure 31 for the combined zones as a function 
of the zenomagnetic latitude of the Earth read from Figure 4. The sym-
bols (•) and (x) represent points corresponding to southsrn and nor-
thern latitudes, respectively. The asymmetry is enhanced by adding the 
inner zone which has a relatively greater amount of occultation. 
"' .s:. 
::!: 
0 
rt) 
.07 
~ .05 
~ 
@ 
~ 
N 
0:: 
l!J 
.... 
~ 
g.03 
<l 
I I I I I I I I .01, I •~ 
I 10 
NQ 
1 I I I I I I I I 
100 
Figure 22. ~ (see the text) as a function of NQ. The asymmetry shown in Figure 21 increases 
with increasing NQ since the effect of the occultation on a distribution of 
particles confined to the magnetic equator is much greater than the same effect on 
an isotropic distribution. 
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asymmetry for NQ = 4. It is convenient to define a quantity ~ such that 
0 
- F (6 = 83 ) 0 s (81) 
= 90°) 
where e0 ·is the zenomagnetic colatitude of the Earth and N and S 
stand for the northern and southern magnetic colatitudes, respectively. 
Roberts (1965) found ~ = 0.034 at 2650 MHz. 
Figure 22 shows ~ as a function of NQ. ~ increases with increasing 
NQ since the effect of the occultation on a distribution of particles 
confined to the magnetic equator (compare the intensities at n = o0 and 
n = 180° in Table 7) is much greater than the same effect on an isotropic 
distribution. 
The variation of the degree of polarization at a frequency of 1430 MHz 
with increasing anisotropy is shown in Figure 23 for a uniform distri-
bution of particle energies. 
Table 8 shows the flux density spectra obtained for each monoenergetic 
(~u' = 10) distribution of electrons in the outer zone. The numbers 
represent the ratio of the flux density at 1430 MHz to that received at 
frequency f. 
As expected, the spectrum is generally flat except at the extremes 
of high and low energy. Also the peak in the spectrum moves towards 
higher frequencies with increasing energy. It should be noted that the 
shape of the spectrum is a very slowly varying function of the equatorial 
pitch-angle distribution of the electrons, i.e., of the anisotropy factor 
NQ. Also, the spectrum is essentially independent of the intensity pro-
file chosen for the outer zone (See below, the inner zone). 
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It is immediately apparent that to produce the high frequency bend 
in the spectrum described on Page 63, i.e., for F(l430)/F(3000) = 1.5, 
we must sacrifice the bend on the low-frequency side and vice-versa; 
thus from Table 8, if we set F(l430)/F(3000) = 1.5, we read F(l430)/F(lOO) 
0.82. This problem persists as a direct consequence of the flatness of 
the derived spectrum. Thus, in comparison to the emission spectrum of 
a single relativistic electron, we find that the decline of the intensity 
above and below the maximum frequency of emission are both replaced by 
much softer curves. 
A monoenergetic distribution at u' = 70 produces a maximum bend in 
the spectrum on the high frequency side and yet maintains a relatively 
flat spectrum towards the low frequency side. This distribution is 
shown as configuration B in Figure 24. Distribution A represents the 
best numerical solution which will reproduce this same spectrum. Since 
it is more physically plausible than a monoenergetic configuration, A is 
taken as the most desirable distribution of electron energies in the outer 
zone. 
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Figure 24. Electron energy distributions. 
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Figure 25 shows the spectrum of the degree of polarization in the 
outer zone for the energy distributions (A) and (B). This spectrum was 
derived for the particular anisotropic distribution a 2 and b = 4 in 
Equation (80), Varying NQ will change the magnitude of the degree of 
polarization in the manner shown in Figure 23 for f = 1430 MHz. At 
higher frequencies, the rate of change of P with NQ becomes less pro-
nounced. However, the actual shape of the polarization spectrum remains 
generally independent of the energy distribution and NQ. This shape is 
in marked contrast with the observed spectrum of the degree of polariza-
tion of the synchrotron component shown in Figure 18.which showed a peak 
near 0.30 at 1430 MHz and declined slowly at higher frequencies. 
The polarization spectrum of the non-thermal component, PNT(f), 
shown in Figure 18, was derived from the expression 
where P0 (f) is the fractional polarization of the total emission 
(82) 
(Figure 17); FNT(f) is the non-thermal flux density which is obtained by 
subtracting the flux density of the thermal emission at frequency f, 
FT(f), from that of the total emission (Figure 16a). The thermal spec-
' 
trum, FT(f), becomes quite uncertain at low frequencies (See Page 63j. 
The pattern in Figure 18 contradicts the result obtained by Legg 
and Westfold (1968), for a monoenergetic isotropic distribution of 
electrons moving in a uniform magnetic field which shows an increase of 
the degree of polarization with increasing frequency. If we refer to 
Figure 11 we see that this same trend occurs for a given L-shell. For 
constant L, u decreases with increasing frequency [See Equation (68)], 
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in contrast to the synchrotron spectrum of Figure 18. 
85 
Therefore, the degree of polarization increases with increasing frequency 
for an isotropic.distribution of electrons in a dipolar field (it is 
nearly constant at 0.56 for a pitch-angle distribution confined to the 
magnetic equator as shown in Chapter II, Section H-2). However, the 
observations show that the high frequency emission originates from a 
region close to the planet, and certainly at less than L = 2 for 10000 MHz. 
It is immediately obvious from Figure 11 that we may anticipate a drop 
in the degree of polarization at the high frequencies if the emission 
at these frequencies is relatively more intense in the region 1 < L < 2 
than in the outer zone. 
3. The inner Zone 
The three-dimensional effect of the dipolar field geometry on an 
isotropic distribution of electrons produces a region of minimum degree 
of polarization when the electric vectors received from different ¢-planes 
show a maximum difference in phase. In the particular case of the 
Jovian magnetic field, this minimum occurs near L = 1.6 showing a general 
decrease in the range between L = 1.1 and L = 2. (See Chapter II, Sect~on 
H-1). This region (1.1 ~ L < 2), described as the inner zone, is respon-
sible for most of the high frequency emission from the radiation belts. 
It will be demonstrated now that the properties of the electrons in this 
zone are quite different from the properties of those in the outer zone. 
To describe the intensity of emission at 1430 MHz in the inner zone 
we use a curve with the same form as Planck's distribution. This function 
is used here as a convenient mathematical approximation, particularly 
since the position of the maximum is easily determined by a single para-
meter (Wien's law). 
, I 
I 1·: 
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F(L) 5 B = 1.20/[y (e - 1) (83) 
where y = 2.1 - L, 
B = 1.50/(y*k) 
and k is a constant that determines the position of the maximum 
intensity. For L greater than the position of the maximum intensity, 
the distribution falls rapidly to nearly zero at L = 2. For L less than 
the position of the maximum intensity, it declines slowly towards L = 1.1. 
Fork= 1, .8, .6, .5, and .4, the peak occurs at L = 1.8, 1.7, 1.6, 1.5, 
and 1.3, respectively. 
Table 9 gives the spectra obtained for different monoenergetic dis-
tributions of electrons in the inner zone with an intensity distribution 
at 1430 MHz which peaks at L = 1.6 (k = 0.6). 
The spectra are nearly independent of the position of the maximum 
of intensity within the inner zone and also nearly independent of the 
particular intensity profile chosen. As might be anticipated from 
Figure 15, there is relatively more emission at higher frequencies for 
a given energy than in the outer zone; the effect becomes more pronounced 
with increasing energy. 
Figure 26 shows the fractional degree of polarization at 10000 MHz 
as a function of the electron energy for an isotropic pitch-angle distri-
bution in the inner zone. Clearly, if we require the inner zone to con-
tribute the weakly polarized component of the synchrotron emission at 
high frequencies, we can predict that the energy of the electrons in the 
inner zone is such that u' > 100. 
4. The parameters of the combined zones 
We have the following expressions for the spectrum and the fractional 
degree of polarization of the combined emission from the two zones 
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TABLE 9 
INTENSITY SPECTRA FROM MONOENERGETIC ELECTRON DISTRIBUTIONS (INNER ZONE) 
f (MHz) 
' . 100 400 600 800 1000 1430 2000 3000 u 
10 0.01 0.05 0.09 0.20 0.54 1.00 4.01 27.40 
20 0.18 0.29 0.38 0.50 0.81 1.00 1. 79 4.39 
30 0.66 0.61 0.67 0.74 0.91 1.00 1.35 2.17 
40 1.14 0.88 0.87 0.89 0.96 1.00 1.15 1.50 
50 1.46 1.05 1.00 0.98 0.99 1.00 1.06 1. 22 
60 1.69 1.15 1.08 1.04 1.00 1.00 1.01 1.08 ' ~ 
70 1.84 1.21 1.12 1. 017 1.01 1.00 0.98 1.00 
80 1. 94 1.26 1.16 1.09 1.02 1.00 0. 96 0.95 
90 2.02 1. 30 1.18 1.11 1.02 1.00 0.95 0.92 
100 2.07 1.32 1.20 1.12 1.03 1.00 0.94 0.89 
110 2.11 1.34 1.21 1.13 1.03 1.00 0.94 0.88 
120 2.14 1.36 1.22 1.14 1.03 1.00 0.93 0.86 
130 2.17 1.38 1.24 1.15 1.03 1.00 0.93 0.86 
140 2.20 1.39 1.25 1.15 1.04 1.00 0.92 0.85 
150 2.22 1.40 1. 25 1.16 1.04 1.00 o. 92 0.84 
160 2.24 1.40 1. 26 1.16 1.04 1.00 0.92 0.83 
170 2.25 1.41 1. 26 1.16 1.04 1.00 0.91 0.83 
i 
180 2.26 1.41 1.26 1.16 1.04 LOO 0.91 0.82 
190 2.27 1.41 1.26 1.17 1! 1.04 1.00 0 .. 91 0.82 
1i 
"· 200 2.27 1.42 1.27 1.17 1.04 1.00 0.91 0.81 
210 2.29 1.42 L27 1.17 1.04 1.00 0.91 0.81 
220 2.29 1.42 1.27 1.17 1.04 1.00 0.91 0.81 
230 2.27 1.42 1. 27 1.17 1.04 1.00 0.91 0.81 
240 2.33 1.42 1.27 1.17 1.04 1.00 0.90 0.80 
250 2.29 1.42 1.27 1.17 1.04 1.00 0.91 0.80 
N 
J: 
::E 
0 
~ 
t:i 
z 
0 
!:{ 
N 
0: 
<( 
_J 
0 
a.. 
LL 
0 
w 
w 
0: 
ffi 
0 
_J 
<( 
z 
0 
t-(.) 
<( 
0: 
LL 
a: 
w 
z 
0 
N 
0: 
w 
z 
z 
I.Qt--~~~~-.-~~~~~~~~--.~~~~~~~~~...-~~~~~~~~-.-~~~~~~~~~ 
.30 
I 
.......... "' '\.. L= I.I 
I '""-- 1.5 
I ...........___ 1.6 
.10 r- 1.8 
.02..._~~~~-'--~~~~~~~---'-~~~~~~~~-'-~~~~~~~~-'-~~~~~~~__J, 
20 50 100 
I 
u ' 
150 200 250 
GAUSS 112 
Figure 26. Fractional degree of polarization at 10000 MHz for emission from the inner zone as 
a function of electron energy. The labels indicate the value of L corresponding to 
peak intensity in Equation (83). As will be seen later, in order to reproduce the 
bend in the polarization spectrum of Figure 18 we must have u' > 100. 
~'°~~-~~'r-~~ ~---~~~ 
00 
00 
F(l430)/F(f) 
and 
[l/x + R/y] 
1 + R 
[zP. + P ] 
l. ·O 
where F(l430)/F(f) is the net flux density at frequency f. 
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(84) 
(85) 
The subscripts i and o refer to the inner and outer 0ones, respectively, 
x = F.(1430)/F.(f) 
l. l. 
z = ..!. (ZJ R x ' 
and R = F0 (1430)/Fi(l430) , the ratio of the flux 
at 1430 MHz of .the outet: and inner zones. 
We also define a spectral index between the frequencies of 1000 and 
3000 MHz: 
1 (F(3000)J 
C = log 3 log F(lOOO) (86) 
In combining the two zones, we assume the electrons in the outer 
region to have the energy distribution which produces a maximum spectral 
curvature at high frequencies, i.e., Figure 24A. The particles in the 
inner zone have a uniform energy distribution with either an upper cut-off 
energy [u'(MAX)] or a lower cut-off energy [u'(MIN)]. In Figure 27 we 
see how the quantities PNT' C, and the ratio F(l430)/F(l00) vary with 
the energy distribution in the inner zone. These plots were derived for 
R = 2.5 (the ratio of the intensities of the outer and inner zones) but 
vary slowly with changing R (See Table 11). From the graph we see that 
a solution which is most compatible with the observations is one for 
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Figure 27. The observables PNT(lOOOO MHz), C and F(l430)/F(l00) as a 
function of uniform energy distributions with upper and then 
lower energy cutoffs. It is not possible to define a precise 
energy distribution for the inner zone and only cutoffs can be 
invoked. From Figures 26 and 27 we obtain the energy distribu-
tion for the inner zone, shown in Figure 24B. 
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which the inner zone has a low energy cut-off u'(MIN),and the value of 
this quantity is about 150. At this point the observables are: 
C ,..._,-0:2 (giving F(l430)/F(3000) = 1.2), F(l430)/F(lOO) ,..._,, 1.05, and 
PNT(lOOOO MHz) = 0.24. The combined intensity and polarization spectra 
for this particular case are shown in Figures 28 and 29, respectively. 
The peak in the intensity spectrum occurs in the range 400 - 600 MHz and 
shows slightly less curvature in both directions than the synchrotron 
component derived in Figure 16a (Dickel, Degioanni and Goodman, 1970). 
The polarization spectrum now shows a decrease at high frequencies 
(as opposed to Figure 25 for the outer zone only). A peak of about 0.30 
occurs near f = 1430 MHz. The agreement with the derived spectrum of 
Figure 18 is good at high frequencies but the decline at lower frequencies 
is less marked. However, as shown in Figure 17, the observed degree of 
polarization of the total emission at 100 MHz has a large error. This 
discrepancy is discussed later. 
To obtain the fractional polarization of the total emission we 
must consider the large thermal component to the observed intensity at 
high frequencies. The spectrum of the total flux density from Jupiter 
is shown in Figure I6a and the approximate flux densities at several 
frequencies are tabulated in Table 10. From this we can obtain the 
fractional polarization spectrum of the total intensity shown in Figure 30. 
The spectrum of the total non-thermal intensity using the modei 
just derived is compared with the observed spectrum on the transparent 
overlay on Figure 16b. The effect of the decreased curvature in the 
spectrum of the non-thermal component at high frequencies is to lpwer 
the thermal component at 3000 MHz from ~ 2. 9 FU to ,....., 2. 0 FU. Thus it 
appears that the thermal and non-thermal models best agree if the 
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TABLE 10 
APPROXIMATE FLUX DENSITY RECEIVED FROM JUPITER, NORMALIZED TO A 
PLANETARY DISTANCE OF 4.04 A.U. 
(These values were read from Figure 16a. Below 800 MHz the thermal 
component.was considered negligible and the non-thermal emission from 
from Figure 28 was equated to the total emission.) 
f (MHz) Flux Density (FU) 
800 7.0 
1000 7.2 
1430 7.3 
2000 7.4 
3000 7.5 
5000 12.0 
10000 28.0 
20000 60.0 
30000 155.0 
50000 500.0 
J: 
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i 
emission from the disk at 3000 MHz derived by Berge (1966) is reduced by 
a factor of 0.7, i.e., ~(3000 MHz) = 180° K. This lower temperature 
would require a larger mixing ratio of anunonia than has usually been 
assumed in the Jovian atmosphere but does not seem to violate any other 
observable parameters. The fractional abundance of NH
3 
will become 
about 0.003 (Goodman, 1969). 
The results described above assume an intensity ratio R = 2.5. 
Table 11 shows the effect of a changing R on the observable parameters 
C, PNT(lOOO MHz) and F(l430)/F(l00). 
R 
0.5 
1.0 
1.5 
2.0 
+ 2.5 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
10.0 
20.0 
TABLE 11 
OBSERVABLE PARAMETERS AS A FUNCTION OF THE 
MODEL PARAMETER R = F (1430)/F.(1430) 
0 1. 
c PNT(lOOOO MHz) F(l430)/F(l00) 
+0.072 0.16 1.48 
.;..Q,038 0.19 1.26 
-0.107 0.21 1.16 
-0.154 0.23 1.10 
-0.190 0.24 1.06 
-0.215 0.25 1.03 
-0.252 0.28 0.99 
-0.278 0.29 0.97 
-0.296 0.31 0.96 
-0.310 0.32 0.94 
-0.321 0.33 0.94 
-0.337 0.35 0.92 
-0.371 0.39 0.90 
!'I 
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Furthermore, in the model we assumed that the pitch-angle distri-
bution in the inner zone is isotropic, (NQ = O) for L < 1.8. The effect 
of increasing NQ on the parameters C, PNT and F(l430)/F(l00) is shown in 
Table 12. 
NQ 
0 
0.5 
1.0 
1.5 
2.0 
TABLE 12 
OBSERVABLE PARAMETERS AS A FUNCTION OF NQ (R 2.5) 
c PNT(lOOOO MHz) F(l430)/F(l00) 
-0.190 0.24 1.06 
-0.190 0.31 1.06 
-0.190 0.33 1.06 
-0.190 0.34 1.06 
-0.190 0.35 1.06 
Thus we have obtained two zones in the Jovian radiation belt which 
probably are distinct since they possess rather different energy distri-
butions and electron pitch-angle distributions. Now, we must rule out 
the possibility that the two zones may not represent two distinct belts 
but are one belt with a gradient of energy which increases towards the 
planet. 
For this purpose we constructed five different models of the outer 
zone with five energy gradients of decreasing steepness across the zone. 
The inner limit was defined by the energy distribution in the inner zone 
and the outer limit in the farthest L shell (or the one with the lowest 
energy distribution) was varied towards increasing levels. The twenty 
resultant spectra for the four different outer limits are given in Table 13. 
These results must be compared with Table 8 for the outer zone. 
j! 
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TABLE 13 
EFFECT ON THE INTENSITY SPECTRUM OF INTRODUCING A GRADIENT OF ENERGY 
ACROSS THE OUTER ZONE 
(There are five models of decreasing steepness in the energy gradient 
.between the outer and innermost shell. Four different energy distri-
butions mark the boundary at the outermost shell. The spectra become 
flatter as we move towards flatter gradients, i.e., down the column for 
a given model, and for all gradients, they become flatter as we raise 
the energy level in the outermost shell, i.e., from Model 1 through 4.) 
f (MHz) 
MODEL 100 '400 600 800 1000 1430 2000 3000 
1 0.87 0.83 0.86 0.89 0.93 1.00 1.10 1.27 
2 0.89 0.86 0.88 0.91 0.94 1.00 1.08 1.22 
1 3 0.92 0.88 0.90 0.92 0.95 1.00 1. 07 1.18 
4 0.98 0.92 0.93 0.94 0.96 1.00 1.05 1.13 
5 1.05 0.96 0.96 0.97 0.98 1.00 1.03 1.08 
1 1.14 0 .•. 96 0.95 0.95 0.97 1.00 1.05 1.16 
2 1.17 0.98 0.96 0.96 0.97 1.00 1.04 1.13 
2 3 1.19 0.99 0.98 0.97 0.98 1.00 1.03 1.10 
4 1.24 1.03 1.00 0.99 0.99 1.00 1.02 1.06 
5 1.30 1.06 1.03 1.01 1.00 1.00 1.01 1.03 
1 1.41 1.07 1.02 1.01 1.00 1.00 1.02 1.08 
I 2 1.42 1. 08 1.03 LO! 1.00 1.00 1.01 1.06 ,, 
! 
I 
3 3 1.44 1.10 1.04 1.02 1.01 1.00 1.01 1.04 
4 1.48 1.12 1.06 1.03 1.01 1.00 1.00 1.02 
5 1.53 1.15 1.08 1.04 1.02 1.00 0.99 0.99 
1 1.62 1.16 1.09 1.05 1.02 1.00 1.00 1.02 
2 1.63 1.17 1.09 1.05 1.03 1.00 0.99 1.01 
4 3 1.65 1.18 1.10 1.05 1.03 1.00 0.99 0.99 
4 1.67 1. 20 1.11 1.06 1.03 1.00 0.98 0.98 
5 1.71 1.22 1.12 1.07 1.04 1.00 0.97 o. 96 
-
99 
Clearly, the spectra derived for the distributions with a gradient 
are all significantly flatter than the case when a single energy distri-
bution is assigned to the entire zone. Thus, the spectrum would get 
flatter and the disagreement with Berge's thermal model would be signi-
ficantly enhanced. In conclusion, the solution that gives a double-belt 
system with distinct energy distributions shows much better agreement 
with the observations. 
The effect upon the longitudinal variation of the intensity of 
combining the two zones is shown in Figure 31. The amplitude of the 
variation is decreased compared to what we find for the outer zone alone 
since the inner zone with NQ = 0 contributes no oscillation. In fact, 
0 0 the intensity simply declines from Q = 0 to Q = 180 because of the 
increasing amount of occultation by the planet, as shown in Table 4. 
Furthermore, since we add a zone which undergoes a stronger occultation 
effect (since it is closer to the planet) we expect the asymmetry 
described on Page 63 to be enhanced. This is shown in Figure 2lb, where 
we see that the quantity ~ for the combined zones is increased. 
Table 14 shows the range in the oscillations of the degree of polari-
zation. 
TABLE 14 
VARIABILITY IN THE DEGREE OF POLARIZATION AS A FUNCTION OF FREQUENCY 
f(MHz) 0 PNT(Q 0 00) PNT(Q = 0 ) = 90 )/PNT(Q = 
100 0.21 1.40 
q00 0.24 1.38 
600 0.25 1.33 
800 0.25 1.31 
1430 0.26 1.26 
2000 0.27 1.23 
3000 0.27 1.19 
5000 0.26 1.14 
10000 0.23 1.08 
30000 0.19 1.05 
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Clearly, the results predict a greater variability for the degree 
of polarization at low frequencies than at higher ones. 
Figure 32a shows the frequency dependence of the total range; of the 
longitudinal variation in intensity for the combined belts. There is a 
gradual decline with increasing frequency. This is expected since the 
emission at high frequencies comes from a region where the pitch-angle 
distribution of the electrons is isotropic and where occultation by the 
planet is a maximum (See discussion on Page 76). The solution obtained 
is adequate since the variability in the range from 1000 to 5000 MHz is 
of the order of 10 percent. According to some authors (Dickel, 1965), 
the decline in variability may be somewhat too fast towards higher 
frequencies. To change the amplitude of the oscillations, the distribu-
tion of NQ must be altered. This, however, will rapidly affect the 
polarization spectrum (See Table 11). There exists another approach, 
however, that will increase the variability at higher frequencies. This 
consists in replacing the intensity profile in the inner zone [given in 
Equation (83)] by a narrow distribution of uniform intensity between 
L = 1.5 and L = 1.8. Such a square pulse raises the amplitude of the 
oscillations, particularly at higher frequencies (Figure 32b), because 
there is no contribution of emission from the highly occulted component 
of radiation when L < 1.5. 
If we replace the intensity profile of the inner belt with the 
square pulse for 1.5 ~ L ~ 1.8 and keep the same distribution as above 
for the outer belt [Equations (77a) and (77b)], we obtain the oscillations 
of the combined belts at 2600 MHz and 600 MHz shown in Figure 33b. The 
curve at 2600 MHz includes a thermal contribution of 20 percent at that 
frequency. For comparison, the observations at these same frequencies 
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Figure 32. (a) The total range of the longitudinal variation in intensity as a function of 
frequency. The outer belt is described by Equations (77a) and (77b) and the inner 
belt by Equation (83) with k = 0.6 (See Page 70). 
(b) Total range of the longitudinal variation in intensity as a function of frequency. 
The outer belt is described by Equations (77a) and (77b) and the inner belt consists 
of a uniform profile between L = 1.5 and L = 1.8. 
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Reproduced from Roberts and 
Ekers (1968) •. Longitudinal 
oscillations of the observed 
brightness of Jupiter at 
2650 MHz (top graph) and 
620 MHz_ (bottom graph). 
(Overlay) Predicted variations 
at 2600 MHz and 600 MHz for the 
present model with the inner 
zone consisting of a square 
pulse between L = 1.5 and 
L = 1.8. The oscillations at 
2600 MHz contqin a non-
variable contribution of 20 
percent from the thermal 
component. 
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by Roberts and Ekers (1968) are also shown. The predicted results 
(overlay) emphasize the fact that the oscillations are enhanced at the 
lower frequency·and yet the fit to the observations is reasonable at both 
frequencies. 
Figures 34 and 35 show the intensity profiles of the emission at 
100, 1430 and 15000 MHz for the rotational angles n = o0 , 45°, 90°, 135° 
( di ' 198°, 243°, 288°, 333°). Wh n 0° h correspon ng to AIII = en •G = , t e pro-
file at 1430 MHz is that given by Equations (77a), (77b) and (83) for 
the outer and inner zones, respectively. There is complete symmetry of 
components (1) and C2) at this angle (See Page 43). Clearly the extent 
of the emission decreases with increasing frequency and the structure of 
the inner belt becomes very prominent at 15000 MHz. With increasing 
rotational angle n the two components become asynnnetric with the west 
(component 1) greater than the east (component 2). This is particularly 
true for the inner belt. The asymmetry is, of course, reversed for 
rotation angles 180° < n < 360°. Thus the sequence of asymmetry produced 
by the occultation follows the same pattern as that described by Branson's 
(1968) "hot spot." It should be emphasized, however, that Figures 34 and 
35 do not represent projections of the radiation belts in the plane of 
the sky but instead are plots of the intensity integrated over a single 
shell at the radial distance L as a function of L. A true projection 
map would require summation over all the shells along the line of sight 
rather than the single shell solution as outlined by Chang and Davis 
(1962). 
Figure 36 shows the profiles of the degree of polarization for the 
cases NQ = 2.5 and NQ = 4 in the outer zone (NQ = 0 in the inner zone). 
As expected.ithe"degree.-of pplarizatiom:has a minimum near L = l,. 5. Nqter' 
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Figure 34. Intensity profiles for n = 0° (left) and n = 90° (right). Note 
how the extent of the emission varies with frequency (see 
discussion in the text). 
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Figure 35. Intensity profiles for Q = 45°(left) and Q = 135°(right). Note 
how the extent of the emission varies with frequency (see 
discussion in the text). 
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Figure 36. The profile of the fractional degree of polarization as a function 
of frequency, NQ = 2.5 (left) and NQ = 4.0 (right). Note that the 
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emission at that frequency in Figures 34 and 35. The degree of 
polarization in the outer zone is increased with increased NQ, 
as expected from Figure 23. 
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that this minimum coincides with the maximum of the intensity profile 
at 15000 MHz, i.e., the inner belt. 
5. The .density profile of the radiation belts 
and the B-L distribution of the electron flux 
The purpose of this section is to obtain the radial dependence of 
the particle density and the latitude dependence of the elect~on flux in 
our model for the radiationoelts. The density-dependent quantity 
D(L) = BSN(L) (where BS is the equatorial surface field strength) can 
be solved from Equation (79). Figure 37 shows the resultant profile for 
the double zone system described in Sections B-2 and B-3. A power 
function that will fit this profile £or L > 2 has the form 
Thus, we see that the number density of electrons along the equator 
falls approximately with the fourth power of the distance. 
This result can be compared with the distribution of the thermal 
plasma in the outer region as derived in a model by Melrose (1967). He 
-1 finds that the density falls off as BL which in the equatorial plane 
-4 is also proportional to L • Thus, it appears that, at least for L > 2, 
the distance dependence of the equatorial plasma density is very similar 
for both the thermal particles and the relativistic electrons in the 
radiation belts. 
Now, we want to obtain the dependence of the electron flux on 
distance and magnetic latitude. For this purpose, we use the standard 
B-L coordinate system (Mcilwain, 1961). The expression for the omni~ 
directional electron flux at the magnetic colatitude 8 is 
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Figure 37. Profile of the particle density in the equatorial plane. 
B5 is the surface magnetic field. This result was obtained from the best solution of Equation (78) for the intensity 
profiles given in Equations (77a), (77b) and (83), and a 
pitch angle distribution for the particles given by Equation 
(80). 
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(87) 
where N
0
(L) and Ni(L) are the number densities in cm-3 for the outer 
and inner zones, respectively; v and v. are their respective mean electron 
0 i 
velocities in cm/sec. 
a (8) is the equatorial pitch angle that corresponds to the mirror 
e 
point at magnetic colatitude 8. We have, from Equation (58), 
. 2 8 sin sin a (8) = ~~~~~~~~ 
e (1 + 3 cos 2 8) 114 
Figure 38 shows the results for the intensity distribution from 
(88) 
Equation (83) in the inner zone (of the same form as Planck's curve with 
a peak at L = 1.6), and the intensity distribution from Equations (77a) 
and (77b) in the outer zone. In Figure 39 are the results for a square 
pulse distribution in the inner zone for L = 1.5 to 1.8 (a distribution 
which increases the amplitude of the variability with lOngitude, particu-
larly at' high frequencies) and the same intensity profile for the outer 
zone [Equations (77a) and (77b)]. These figures show that in contrast 
to the radiation belts of the Earth, which have distinct peaks at L = 1.2 
and L = 4.5 (Hess, 1968), the Jovian belts do not have such a distinct 
feature in the outer region; they do, however, show a distinct increase 
in electron flux for L < 2. This, of course, reflects the energy 
difference between the outer and inner zones. Furthermore, the electron 
flux in the Jovian belts is generally a factor of 1000 larger than for 
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Figure 38. A B-L plot of the electron flux for an outer zone described by Equations (77a) and 
(77b) and the_~nner_fone described by Equation (83) (with k = 0.6). The electron 
flux is in cm sec • Note the sudden increase in flux at the boundary of the 
inner and outer zones. A surface field of 30 Gauss is assumed (Warwick, 1963). 
Changing the value of B8 will not qualitatively affect the distribution. 
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the Earth's if we assume that the surface field of Jupiter is about 30 
Gauss. The sudden increases in electron flux at 1 = 1.8 and 1 = 2 in 
the equatorial plane reflect the discontinuities in the anisotropy factor 
NQ at these 1 values [See Equation (80)]. 
6. The Position Angle of the Plane of Linear Polarization 
The quantity tan 2x = U(u,L)/Q(u,L) allows determination of the 
angle x between the plane of the linear polarization and the magnetic 
equator (represented bye in Figure 3). This quantity was plotted in y 
Figure 13 as a function of u for different 1-shells. Clearly, there is 
a region between 1 = 1.2 and 1 = 2 where the angle becomes quite large. 
However, this is the same region where the degree of polarization, i.e., 
Q(u,L), shows a minimum produced by the field geometry (See Figure 11). 
Thus, the intensity of the polarized component from the inner zone, which 
would cause a significant angular displacement of the plane of polariza-
tion from the magnetic equator, may be expected to be only a small fraction 
of the total emission from the inner zone. Furthermore, the intensity 
of the emission from the outer zone is greater than that from the inner 
zone and at least 80 percent of the emission from the outer zone is 
polarized in the plane of the magnetic equator. As a consequence, we 
would expect in our present dipole model that the plane of polarization 
lies in the direction of the magnetic equator at any given longitude. 
This is indeed seen to be true in Figure 40 which shows the position 
angle of the plane of linear polarization relative to the planet's 
equator as a function of longitude at different frequencies. The 
sinusoidal curve PA = 10° sin (AIII - 198°) represents the variation in 
the position angle of the magnetic equator relative to the planet's 
equator. At different frequencies, we see that the emission remains 
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strongly polarized in the plane of the magnetic equator throughout the 
rotation of the planet. 
Thus, our model does not account for the departurej as observed by 
Roberts and Komesaroff (1965) from the simple sinusoid of Figure 40 at 
different frequencies (See Chapter III, Section A). This phenomenon, along 
with Btanson's (1968) asymmetry in east-west strip distributions 
previously discussed (See Chapter III, Sections A and B-4), is probably 
best explained in terms of a r'egional anomaly in the magnetic field 
(Conway and Stannard, 1972). 
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CHAPTER IV. CONCLUSION 
In summary, the spectral characteristics and longitudinal variation 
of the Jovian decimetric emission were used to derive the structure of 
the radiation belts. A double belt system exists such that the outer 
belt consists of lower energy electrons (E = 6.4 Mev if BS = 30 G) whose 
-4 
equatorial density falls as L for L > 2. The model predicts an 
-3 
equatorial electron density of about 2 cm at L = 2 if BS = 30 G. The 
inner belt, located in the region 1 < L < 2, consists of higher energy 
electrons (E = 18 Mev if BS = 30 G) and has an equatorial density which 
is about one-half the peak density in the outer zone. The pitch angle 
distribution of the electrons becomes gradually more confined to the 
111.agnetic equator with increasing distance from the planet in the outer 
region. We find that a distribution which is isotropic for 1.1 < L < 1.8, 
67 percent confined(*) for 1.8 < L < 2 and 80 percent confined for L > 2 
satisfactorily accounts for the degree of polarization and the intensity 
variation with rotation of the planet. The eclipse of the radiation 
belts by the planet satisfactorily explains the asymmetry of the observed 
radiation betweennorthernand southern zenomagnetic latitudes of the 
Earth. The departure from a pure sinusoid in the variation of the 
orientation of the plane of polarization with Jovian rotation and the 
asymmetry in east-west components of the source on projected maps are 
probably better explained by a regional anomaly in the dipole field rather 
than occultation of the radiation belts by the planet. The observed 
spectral characteristics of the non-thermal emission are reproduced by 
(*) The confinement refers to the proportion of electrons which belongs 
to a population with equatorial pitch angle distribution of the form 
i 60 s n a . 
e 
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the model although the peak in the spectrum of the total intensity is 
not as prominent as previously expected. This implies a brightness 
temperature for the thermal emission from the planetary disk.of 180° K 
at 3000 MHz. B-L plots of the radiation belts show little fine structure 
except near the boundary of xhe outer belt with the more energetic inner 
belt. Electron fluxes are of the order of 1000 times those found in the 
terrestrial belts if the surface field on Jupiter is 30 Gauss. 
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